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(Q  HO SUHPLR 1REHO GH 4XtPLFD - 0DULH /HKQ GHILQLy OD
química supramolecularFRPRODTXtPLFDGHOHQODFHLQWHUPROHFXODUTXH















(Q XQD HQWLGDG VXSUDPROHFXODU VH SXHGH GLVWLQJXLU GRV HVSHFLHV





/DV LQWHUDFFLRQHV PROHFXODUHV VRQ GH JUDQ LPSRUWDQFLD \D TXH
IRUPDQ OD EDVH GH SURFHVRV GH HOHYDGD HILFDFLD \ VHOHFWLYLGDG FRPR HO
UHFRQRFLPLHQWRODFDWiOLVLVHOWUDQVSRUWHODUHJXODFLyQHWF\TXHRFXUUHQ
HQODPD\RUSDUWHGHSURFHVRVELROyJLFRVFRPRSRUHMHPSORODXQLyQGHXQ
VXVWUDWR D XQ UHFHSWRU SURWHLFR XQD UHDFFLyQ HQ]LPiWLFD OD DVRFLDFLyQ
LQPXQROyJLFDDQWtJHQRDQWLFXHUSRRODWUDQVFULSFLyQGHOFyGLJRJHQpWLFR
$ODKRUDGHGLVHxDUPROpFXODVUHFHSWRUDVDELyWLFDVDUWLILFLDOHVFDSDFHVGH
PLPHWL]DU HVWRV SURFHVRV HV QHFHVDULR PDQLSXODU FRUUHFWDPHQWH ODV
FDUDFWHUtVWLFDVHQHUJpWLFDV\HVWHUHRTXtPLFDVGHODVIXHU]DVQRFRYDOHQWHV






VH IRUPD OD VXSHUPROpFXOD UHFHSWRUVXVWUDWR 6L OD LQWHUDFFLyQ TXH WLHQH
OXJDUHVVHOHFWLYD\GLVFULPLQDXQVXVWUDWRIUHQWHDRWURVVHSXHGHGHFLUTXH
ODVXSHUPROpFXODOOHYDDFDERXQUHFRQRFLPLHQWR6LDGHPiVGHORVSXQWRV
GH XQLyQ HO UHFHSWRU H[KLEH IXQFLRQHV UHDFWLYDV SXHGH SURYRFDU XQD
Capítulo 1. 

WUDQVIRUPDFLyQ TXtPLFD VREUH HO VXVWUDWR TXH VH KD XQLGR SUHYLDPHQWH
FRPSRUWiQGRVHFRPRXQUHDFWLYRVXSUDPROHFXODURFDWDOL]DGRU(QHOFDVR
GH TXH HO UHFHSWRU WHQJD ODV FDUDFWHUtVWLFDV DGHFXDGDV GH OLSRILOLD
FDSDFLGDG GH LQWHUDFFLyQ FLQpWLFD HVWDELOLGDG HWF SXHGH DFWXDU FRPR
WUDQVSRUWDGRU GHO VXVWUDWR D WUDYpV GH PHPEUDQD 7RGDV HVWDV
SRVLELOLGDGHV KDFHQ TXH WDQWR HO UHFRQRFLPLHQWR PROHFXODU FRPR OD
WUDQVIRUPDFLyQRFDWiOLVLV\HOWUDQVSRUWHVHDQODVIXQFLRQHVEiVLFDVGHODV
HVSHFLHV VXSUDPROHFXODUHV 6H SXHGHQ GDU IXQFLRQHV PiV FRPSOHMDV
FXDQGRHQWUDQHQMXHJRYDULDVVXEXQLGDGHVFDSDFHVGHIRUPDUXQLRQHVHQ
XQ FRUHFHSWRU SROLWySLFR IRUPiQGRVH HQVDPEODMHV \ GDQGR OXJDU D
GLIHUHQWHV WLSRV GH DVRFLDFLRQHV FDSDV PHPEUDQDV YHVtFXODV FULVWDOHV
OtTXLGRV HWF (VWD ~OWLPD SRVLELOLGDG GH DXWRHQVDPEODMH MXQWR FRQ ODV




&RPR VH KD FRPHQWDGR DQWHULRUPHQWH HO FRQFHSWR GH
UHFRQRFLPLHQWR VXUJLy GH OD PDQR GH (PLO )LVFKHU FXDQGR DFXxy HO
FRQFHSWR GH OODYHFHUUDGXUD SDUD H[SOLFDU HO SURFHVR GH UHFRQRFLPLHQWR
HQ]LPiWLFR(QpO VHFRPSDUDHO FHQWURDFWLYRGHXQDHQ]LPDFRQXQD
HVWUXFWXUD ILMD FRQ XQD FHUUDGXUD \ XQD PROpFXOD GH VXVWUDWR FX\D
HVWUXFWXUDHQFDMDSHUIHFWDPHQWHHQODGHOHQ]LPDVHFRPSDUDFRQXQDOODYH
$PEDV PROpFXODV SRVHHQ FRPSOHPHQWDULHGDG JHRPpWULFD HV GHFLU HO








HVWH PRGHOR \D TXH D SDUWLU GH ORV HVWXGLRV UHDOL]DGRV VH OOHJy D OD
FRQFOXVLyQTXHODVHQ]LPDVVRQHVWUXFWXUDVIOH[LEOHVTXHSXHGHQFDPELDU
ODFRQIRUPDFLyQHVWUXFWXUDOGHVXFHQWURDFWLYRDOSURGXFLUVHODLQWHUDFFLyQ














XQ VXVWUDWR R HQWUH RWUDV GRV HVSHFLHV FX\D DVRFLDFLyQ QR VXSRQJD XQD
UHDFFLyQ HQ]LPiWLFD QR VH SXHGH H[SOLFDU ~QLFDPHQWH PHGLDQWH XQ
DFRSODPLHQWR HVWpULFR VLQR TXH HQWUDQ HQ MXHJR ODV LQWHUDFFLRQHV
LQWHUPROHFXODUHV GH WLSR QR FRYDOHQWH TXH VRQ OD EDVH GH PXOWLWXG GH
SURFHVRVHVSHFtILFRVFRPRHOHQVDPEODMHGHFRPSOHMRVPXOWLSURWHLFRVOD
















HVWXGLR H[KDXVWLYR GH ODV PLVPDV FHQWUiQGRVH HQ ODV GLIHUHQFLDV TXH
SUHVHQWDQ WDQWR HQ VX IXHU]D FRPR HQ VX QDWXUDOH]D (Q WpUPLQRV
HQHUJpWLFRV ODV LQWHUDFFLRQHV QR FRYDOHQWHV VRQ JHQHUDOPHQWH YDULRV









'HQWUR GH OD TXtPLFD VXSUDPROHFXODU XQD GH ODV IXQFLRQHV TXH
SXHGH GHVDUUROODU OD VXSHUPROpFXOD HV OD FDSDFLGDG GH WUDQVIRUPDU
TXtPLFDPHQWH XQ VXVWUDWR 6L ODV PROpFXODV TXH DFW~DQ FRPR UHFHSWRU
WLHQHQ JUXSRV IXQFLRQDOHV DSURSLDGRV MXQWR FRQ SXQWRV GH XQLyQ
HVSHFtILFRV VHUiQ FDSDFHV GH IRUPDU XQ FRPSOHMR FRQ HO VXVWUDWR
UHDFFLRQDUFRQpO\OLEHUDUHVSHFLHVTXtPLFDPHQWHGLIHUHQWHVUHFXSHUDQGR
ODPROpFXODTXHDFW~DFRPR UHFHSWRUSDUDXQ IXWXUR3DUD OOHYDU D FDER
HVWDVWUDQVIRUPDFLRQHVVHSXHGHQGLVWLQJXLUGRVHWDSDVSULQFLSDOHV(QOD
SULPHUD GH HOODV VH SURGXFH XQ SURFHVR GH XQLyQ FRQ HO VXVWUDWR \ D
FRQWLQXDFLyQHQ ODVHJXQGDHWDSDVH OOHYDDFDER OD WUDQVIRUPDFLyQGHO
PLVPR HQ ORV SURGXFWRV (Q DPEDV HWDSDV SDUWLFLSDQ ORV SULQFLSLRV
DVRFLDGRVDOUHFRQRFLPLHQWRPROHFXODU\DTXHHOUHFHSWRUGHEHWHQHUODV




GHXQSXQWRGHXQLyQ VLWXDGR FHUFDGHO FHQWUR FDWDOtWLFR(Q OD VHJXQGD
DSUR[LPDFLyQ%HOUHFHSWRULQGXFHODUHDFFLyQTXtPLFDVREUHPiVGHXQ






























HQ XQ FLFOR FRQ FXDWUR HWDSDV L 6H SURGXFH HO UHFRQRFLPLHQWR HQWUH HO
VXVWUDWR\HOWUDQVSRUWDGRULL(OFRPSOHMRIRUPDGRHVGLIXQGLGRDWUDYpV







WRGR WLSR GH VXVWUDWRV HVSHFLHV FDWLyQLFDV DQLyQLFDV R QHXWUDV GH
Capítulo 1. 

QDWXUDOH]D RUJiQLFD LQRUJiQLFD R ELROyJLFD 3DUD FRQVHJXLU OD PD\RU
VHOHFWLYLGDGKDFLDXQVXVWUDWRGHWHUPLQDGRHOUHFHSWRUGHEHVHUFDSD]GH









(Q SULQFLSLR SDUD DOFDQ]DU XQ DOWR JUDGR GH UHFRQRFLPLHQWR HV
QHFHVDULRTXHH[LVWDXQDFRPSOHPHQWDULHGDGHVSDFLDO\TXtPLFDHQWUHHO
UHFHSWRU\HOVXVWUDWRHVGHFLUHOUHFHSWRUGHEHFRQRFHUODIRUPDHOWDPDxR






VXVWUDWR (VWR LPSOLFD OD H[LVWHQFLD GH GRPLQLRV FyQFDYRV \ FRQYH[RV
FRPSOHPHQWDULRVHQWUHDPEDVHVSHFLHV
 Complementariedad química OD HVWUXFWXUD GHO UHFHSWRU GHEH
FRQWHQHUOXJDUHVGHLQWHUDFFLyQFRPSOHPHQWDULRVFRQHOVXVWUDWRFRORFDGRV
DGHFXDGDPHQWHHQWUHDPEDVHVSHFLHVGHPRGRTXHSHUPLWDQ
DEnlaces de hidrógeno HQWUHFHQWURVEiVLFRV\iFLGRV
E Atracción electrostática HQWUH FHQWURV DQLyQLFRV \ FDWLyQLFRV
HQWUHGLSRORVRHQWUHGLSRORV\FDUJDV
F Interacciones de apilamiento aromático HQWUH UHVLGXRV
DURPiWLFRV GHO UHFHSWRU \ UHJLRQHV GHVORFDOL]DGDV R DURPiWLFDV GHO
VXVWUDWR
Atracciones de Van der Waals TXHGHULYDQGHODLQWHUDFFLyQGHXQD
QXEHHOHFWUyQLFDSRODUL]DGDSRUQ~FOHRVDG\DFHQWHV

(Q UHVXPHQ OD FRPSOHPHQWDULHGDG HQWUH HO UHFHSWRU\ HO VXVWUDWR
GHSHQGH IXQGDPHQWDOPHQWH GH OD DUTXLWHFWXUD WULGLPHQVLRQDO GH ODV
PROpFXODV ODFXDOGHEHSHUPLWLU ODRUJDQL]DFLyQGH ORVSXQWRVGHXQLyQ
SDUDODLQWHUDFFLyQ3RUORWDQWRHVFRQYHQLHQWHTXHWDQWRHOVXVWUDWRFRPR
HO UHFHSWRU FRPSDUWDQXQDJUDQ iUHDGH FRQWDFWR HQWUH HOORV SDUDSRGHU
GHVDUUROODUHOPD\RUQ~PHURGHLQWHUDFFLRQHVQRFRYDOHQWHV
&RQ HVWD LGHD VH KDQ GLVHxDGR QXPHURVRV UHFHSWRUHV FDSDFHV GH
HQFDSVXODUDOVXVWUDWRIRUPDQGRXQJUDQQ~PHURGHXQLRQHVFRQpODOVHU
FDSD]GH³GHWHFWDU´VXWDPDxRPROHFXODUVXIRUPDHLQFOXVRVXHVWUXFWXUD




IRUPDQGR XQ FRPSOHMR GH LQFOXVLyQ FRQRFLGR FRPR FULSWDWR(Q HVWD
FODVH GH UHFHSWRUHV FyQFDYRV ORV SXQWRV GH XQLyQ VH HQFXHQWUDQ
GLVWULEXLGRVKDFLDHOLQWHULRUGHODFDYLGDGGRQGHVHVLWXDUiHOVXVWUDWRGH







ODPiV HILFD] VLQ HPEDUJR HVPX\ LPSRUWDQWHPDQWHQHU FLHUWR EDODQFH
HQWUHULJLGH]\IOH[LELOLGDG3RUXQODGRHOGLVHxRGHUHFHSWRUHVFRQXQD
HVWUXFWXUDRUJDQL]DGDSURSRUFLRQDXQHOHYDGRJUDGRGHUHFRQRFLPLHQWR\R
VHOHFWLYLGDG \D TXH OD SUHRUJDQL]DFLyQ UHGXFH HO JDVWR HQWUySLFR
UHODFLRQDGR FRQ OD DVRFLDFLyQ\ DOPLVPR WLHPSR HO KHFKR GH TXH HO
UHFHSWRU QR WHQJD TXH VXIULU QLQJ~Q FDPELR FRQIRUPDFLRQDO VXSRQH XQ
DKRUURGHHQHUJtD6LQHPEDUJRQRKD\TXHROYLGDUTXHODQHFHVLGDGGH
VLWXDU ORV SXQWRV GH XQLyQ VLJXLHQGR XQD GHWHUPLQDGD WRSRORJtD \
RULHQWDFLyQVXSRQHXQJUDQUHWRVLQWpWLFRHQHVSHFLDOSDUDVXVWUDWRVGHJUDQ
WDPDxR/DFRQYHUJHQFLDGHXQSXQWRGHXQLyQHQHOUHFHSWRUKDFLDHOSXQWR
FRPSOHPHQWDULR HQ HO VXVWUDWR LPSOLFD OD FRQVWUXFFLyQ GH HVWUXFWXUDV
PDFURSROLFtFOLFDVTXHVRQGLItFLOHVGHVLQWHWL]DURLQFOXVRPRGLILFDUVLHO
SULPHU GLVHxR UHVXOWD QR VHU ySWLPR 0iV D~Q HVTXHOHWRV PROHFXODUHV
UtJLGRVVXIUHQHOULHVJRGHFLQpWLFDVGHLQWHUFDPELROHQWDVORTXHQRHVGHO




IOH[LELOLGDG HQ OD HVWUXFWXUD GHO UHFHSWRU SDUD TXH SXHGD DGDSWDUVH \
UHVSRQGHUDORVFDPELRVTXHVHSURGXFHQHQVXHQWRUQR
3RU HOOR XQD DOWHUQDWLYD D ODV PROpFXODV WLSR FULSWDWR VRQ ORV
UHFHSWRUHVGHFDGHQDDELHUWDHQORVTXHODPROpFXODWLHQHTXHUHRUJDQL]DUVH
HVSDFLDOPHQWH SDUD SRGHU VLWXDU ORV SXQWRV GH XQLyQ GH ODPDQHUDPiV
FRQYHQLHQWHVHJ~QODVFDUDFWHUtVWLFDVGHOVXVWUDWRILJXUDGHUHFKD6L
FRPSDUDPRV GRV UHFHSWRUHV FDGD XQR VLJXLHQGR XQD GH ODV GRV




6LQ HPEDUJR \ D SHVDU GH HVWH UHTXHULPLHQWR HQHUJpWLFR ORV
UHFHSWRUHVDUWLILFLDOHVGHFDGHQDDELHUWDPDQWLHQHQDOJXQDYHQWDMDIUHQWHD
ORV GH HVWUXFWXUD PDFURFtFOLFD 1RUPDOPHQWH OD VtQWHVLV \ OD SRVWHULRU


















DIHFWDUD ODHVWDELOLGDGGHOFRPSOHMRKDVWD WDOSXQWRTXH ODFRQVWDQWHGH
DVRFLDFLyQ SXHGH FDPELDU YDULRV yUGHQHV GHPDJQLWXG GHSHQGLHQGR GHO
WLSRGHGLVROYHQWH3RUHOORHOFDPELRHQHOGLVROYHQWHGHWUDEDMRVHGHEHU
WHQHUHQFXHQWDHQHOGLVHxRGHOUHFHSWRULQWHQWDQGRTXHWHQJDGRPLQLRV
KLGURIyELFRVKLGURItOLFRV FRQFRUGDQWHV FRQ HO VXVWUDWR VROXELOLGDGHV
FRQFRUGDQWHV6LQHPEDUJRVLORTXHVHSUHWHQGHHVFRQVWUXLUHOUHFHSWRU
PiVVRILVWLFDGR\HVSHFtILFRSDUDVHxDOL]DUODSUHVHQFLDGHXQVXVWUDWRpVWH
GHEH VHU FDSD] GH FRPXQLFDU DO RSHUDGRU H[WHUQR TXH OD LQWHUDFFLyQ
UHFHSWRUVXVWUDWRKDWHQLGROXJDU\TXHHOUHFRQRFLPLHQWRVHKDSURGXFLGR
3DUDKDFHUHVWRSRVLEOHHVQHFHVDULRDxDGLUDODHVWUXFWXUDGHOUHFHSWRUXQD
VXEXQLGDG PROHFXODU TXH PXHVWUH XQD SURSLHGDG SHUFHSWLEOH \ ELHQ
GHILQLGD (Q SDUWLFXODU GLFKD SURSLHGDG R SDUD VHU PiV SUHFLVRV OD












TXH VH GHQ GLIHUHQWHV SURFHVRV WDOHV FRPR OD UHIOH[LyQ OD GLIXVLyQ R OD
DEVRUFLyQ ILJXUD  /D OX] DEVRUELGD SRU ODV PROpFXODV SXHGH VHU
HPLWLGDDWUDYpVGHSURFHVRVOXPLQLVFHQWHVRPHGLDQWHSURFHVRVDWUDYpVGH






















'HQWUR GHO HVSHFWUR HOHFWURPDJQpWLFR ILJXUD  OD UHJLyQ
XOWUDYLROHWDYLVLEOH899LVHVODTXHUHVXOWDGHLQWHUpVSDUDHVWHWUDEDMR
GHLQYHVWLJDFLyQTXHFRUUHVSRQGHDORQJLWXGHVGHRQGDHQWUHORVQP\
ORVQP6HFRQRFHTXH OD OX] R UDGLDFLyQHOHFWURPDJQpWLFDTXHHV
DEVRUELGD SRU ODV PROpFXODV SUHVHQWD WDQWR SURSLHGDGHV FRUSXVFXODUHV
FRPRRQGXODWRULDVGXDOLGDGRQGDFRUS~VFXOR(OFRPSRUWDPLHQWRGHOD















3HUR DGHPiV OD UDGLDFLyQ HOHFWURPDJQpWLFD WLHQH SURSLHGDGHV GH
SDUWtFXOD TXH VH PDQLILHVWDQ FRPR XQLGDGHV R SDTXHWHV GH HQHUJtD
OODPDGRVIRWRQHV(QItVLFDPRGHUQDHOIRWyQHQJULHJRĳ૵ȢĳȦĲȩȢ>OX]@




















SROLHOHFWUyQLFRV SDUD ORV TXH OD HFXDFLyQ GH 6FKU|GLQJHU QR SXHGH VHU
UHVXHOWDGHIRUPDH[DFWDSRUORTXHODVIXQFLRQHVGHRQGDHOHFWUyQLFDȌ







&XDQGR XQ HOHFWUyQ VH SURPRFLRQD D XQ RUELWDO GHVRFXSDGR GH PD\RU
HQHUJtDPHGLDQWHODDEVRUFLyQGHXQIRWyQVHGLFHTXHKDWHQLGROXJDUXQD
WUDQVLFLyQ HOHFWUyQLFD \ TXH OD PROpFXOD VH HQFXHQWUD HQ XQ estado 
excitado








HOHFWUyQLFDV VLJXHQ JHQHUDOPHQWH HO VLJXLHQWH RUGHQ






ORVPiV LPSRUWDQWHVSDUD QRVRWURV VRQ HO RUELWDOPROHFXODU RFXSDGRGH
PD\RUHQHUJtDHighest Occupied Molecular Orbital+202\HORUELWDO















WULSOHWH UHSUHVHQWDGR SRU 7Q (Q OD ILJXUD  VH PXHVWUD GH PDQHUD
HVTXHPiWLFDHVWDVLWXDFLyQSDUDHOFDVRJHQHUDOL]TXLHUGD\SDUDHOFDVR










8QD YH] FRQRFLGD OD GLVWULEXFLyQ HQHUJpWLFD GH ORV RUELWDOHV











&XDQGR HO HOHFWUyQ VH KD SURPRFLRQDGR D XQ QLYHO HQHUJpWLFR
VXSHULRUODPROpFXODVHHQFXHQWUDHQXQHVWDGRH[FLWDGR$LQHVWDEOHSRU
OR TXH GHEH EXVFDU XQ PHFDQLVPR SDUD SHUGHU VX H[FHVR GH HQHUJtD \
UHVWDEOHFHU HO HVWDGR IXQGDPHQWDO RULJLQDO (VWH SURFHVR SXHGH RFXUULU











3DUD SRGHU HVWXGLDU GH PDQHUD VHQFLOOD WRGRV HVWRV SURFHVRV VH











IOXRUHVFHQFLD DO SURFHVR HQ HO TXH HO HVWDGR H[FLWDGR \ HO HVWDGR
IXQGDPHQWDO WLHQHQ OD PLVPD PXOWLSOLFLGDG GH HVStQ PLHQWUDV TXH VH


















GH GHVDFWLYDFLyQ PiV FRUWRV TXH ORV SURFHVRV GH GHVDFWLYDFLyQ TXH
LPSOLFDQ WUDQVLFLRQHV SURKLELGDV IRVIRUHVFHQFLD \ FUXFH LQWHUVLVWHPD
$GHPiV H[LVWH OD SRVLELOLGDG TXH OD PROpFXOD HQ HO HVWDGR H[FLWDGR
LQWHUDFFLRQHFRQRWUDVPROpFXODVGDQGROXJDUDSURFHVRVGHWUDQVIHUHQFLD
HOHFWUyQLFDWUDQVIHUHQFLDGHSURWyQWUDQVIHUHQFLDGHHQHUJtDRIRUPDFLyQ
GH H[FtPHURV R H[FLSOHMRV 7RGRV HVWRV SURFHVRV GH UHODMDFLyQ QR
UDGLDWLYRVVRQORVUHVSRQVDEOHVGHTXHODIOXRUHVFHQFLDVHRULJLQHVLHPSUH
GHVGH HO HVWDGR 6 TXH VX SHUILO QR YDUtH FRQ OD ORQJLWXG GH RQGD GH
H[FLWDFLyQ \ TXH HO Pi[LPR GH HPLVLyQ VLHPSUH VH VLW~H D PD\RUHV
ORQJLWXGHVGHRQGDPHQRUHQHUJtDTXHHOPi[LPRGHDEVRUFLyQ(QXQD
VLWXDFLyQLGHDOORVGRVHVWDGRVHOHFWUyQLFRVLQYROXFUDGRVGLUHFWDPHQWHHQ
OD GHVDFWLYDFLyQ VH SXHGHQ FRQVLGHUDU FRPR RVFLODGRUHV DUPyQLFRV
LGpQWLFRVVLQGHVSOD]DPLHQWRHQODVFRRUGHQDGDVQXFOHDUHVHVGHFLUTXH
ODVGLIHUHQFLDVHQWUHORVQLYHOHVYLEUDFLRQDOHVHQHOHVWDGRIXQGDPHQWDO6









6LQ HPEDUJR VHGHEH WHQHU HQ FXHQWDTXH HQ UHDOLGDG ORVQLYHOHV
YLEUDFLRQDOHV GHQWUR GH XQ HVWDGR HOHFWUyQLFR FRQFUHWR 6Q QR VH
HQFXHQWUDQ HTXLHVSDFLDGRV\TXH VXSRVLFLyQ UHVSRQGH DOPRGHORGHXQ













&XDQGR VH FRPSDUDQ ORV HVSHFWURV GH DEVRUFLyQ \ HPLVLyQ GH
IOXRUHVFHQFLDGHDOJXQRVVLVWHPDVUHDOHVVHSXHGHYHUXQDVHSDUDFLyQGH
ORVPi[LPRVGHFDGDSURFHVRFRQRFLGRFRPRGHVSOD]DPLHQWRGH6WRNHV
ǻȜ QP HQ ORV TXH XQD PROpFXOD IOXRUHVFHQWH DEVRUEH OX] GH XQD
GHWHUPLQDGDORQJLWXGGHRQGD\HPLWHOX]GHXQDORQJLWXGGHRQGDPiVDOWD
ILJXUD   /D PDJQLWXG GH HVWH GHVSOD]DPLHQWR FHQWUDGR HQ OD
WUDQVLFLyQ YLEUDFLRQDOQQ HV XQD IRUPD VLPSOH \ GLUHFWD GHPHGLU OD
GLIHUHQFLD HQ JHRPHWUtD \ SURSLHGDGHV HQWUH HO HVWDGR IXQGDPHQWDO \
H[FLWDGRGHIRUPDTXHFXDQWRPiVSHTXHxRVHDVXYDORUODVGLIHUHQFLDVHQ
IRUPD WDPDxR\ VROYDWDFLyQGHOHVWDGRH[FLWDGRHQFRPSDUDFLyQFRQHO
HVWDGR IXQGDPHQWDO VRQ WDPELpQ SHTXHxDV 'HELGR D HVWD SURSLHGDG GH
VLPHWUtDHOYDORUGHODHQHUJtDFRUUHVSRQGLHQWHDODWUDQVLFLyQQQ(








(Q OD ILJXUD  VH PXHVWUDQ WUHV HMHPSORV SUiFWLFRV GH ODV







(Q OD ILJXUD GHOPHGLR VHPXHVWUD HO FDVR GH OD IOXRUHVFHtQD VXVWDQFLD
FRORUDQWHRUJiQLFDKLGURVROXEOHSHUWHQHFLHQWHDOJUXSRGHODV[DQWLQDVTXH
SURGXFHXQ FRORU IOXRUHVFHQWHYHUGH LQWHQVR HQ VROXFLRQHV DOFDOLQDV(Q
HVWH FDVR ODV WUDQVLFLRQHV QQ QR FRLQFLGHQ GH PDQHUD TXH VH SXHGH
REVHUYDUHOFRUUHVSRQGLHQWHGHVSOD]DPLHQWRGH6WRNHV<SRU~OWLPRHQOD
ILJXUD GH OD GHUHFKD VH PXHVWUD HO HMHPSOR GH OD ILFRFLDQRELOLQD XQ
FRPSXHVWRWHWUDSLUUyOLFROLQHDOSUHVHQWHFRPRJUXSRSURVWpWLFRFURPyIRUR







PX\ ~WLOHV D OD KRUD GH FDUDFWHUL]DU ORV SURFHVRV GH GHVDFWLYDFLyQ TXH
WLHQHQ OXJDUHQHVWRVVLVWHPDV\DTXHDOVHUSURFHVRVXQLPROHFXODUHVVH






G>$@ k        HF
1RUPDOPHQWHODFRQVWDQWHkVHH[SUHVDFRPRVXLQYHUVDFRQRFLGD
FRPRWLHPSRGHYLGDPHGLDĲTXHVHGHILQHFRPRHOWLHPSRSURPHGLRTXH
XQ IOXRUyIRUR SDVD HQ HO HVWDGR H[FLWDGR DQWHV GH YROYHU DO HVWDGR
IXQGDPHQWDO HFXDFLyQGRQGH Srk HV ODFRQVWDQWHGHYHORFLGDGGHO























kĲkĭ         HF
$ODKRUDGHHYDOXDUODFLQpWLFDGHORVPHFDQLVPRVGHGHVDFWLYDFLyQ






FXiQWLFR LQGHSHQGLHQWH SDUD FDGD XQD GH ODV WUHV YtDV GH GHVDFWLYDFLyQ
SRVLEOHVIOXRUHVFHQFLDIOHFXDFLyQFRQYHUVLyQLQWHUQDFLHFXDFLyQ
 R FUXFH LQWHUVLVWHPD FLV HFXDFLyQ &DGD UHQGLPLHQWR FXiQWLFR
YHQGUi GHILQLGR SRU HO WLHPSR GH YLGDPHGLD Wt \ SRU XQD FRQVWDQWH GH
YHORFLGDG HVSHFtILFD VLHQGR kIO kFL \ kFLV OD FRQVWDQWH GH YHORFLGDG GHO
















kkĭ t   W      HF
FLVFLIO   ĭĭĭ       HF


















WLHPSR GH YLGD GH GLFKD HVSHFLH H[FLWDGD W \ XQD GLVPLQXFLyQ GH OD
LQWHQVLGDG GH OD HPLVLyQ , \D TXH OD HVSHFLH 4 DxDGH RWUR SRVLEOH

























ĭ    W     HF









TXH 4 VH DVRFLD GH DOJXQD PDQHUD FRQ OD PROpFXOD $ HQ GLVROXFLyQ
SUHYLDPHQWHDODDEVRUFLyQGHOX](VWDDVRFLDFLyQSXHGHLQGXFLUFDPELRV
HQ ODV SURSLHGDGHV GH ODPROpFXOD$ GHPDQHUD TXH QR VH SURGX]FD OD
SRVWHULRU GHVDFWLYDFLyQ UDGLDWLYD 3RU OR WDQWR OD GLVPLQXFLyQ HQ OD
LQWHQVLGDGGHODHPLVLyQVHYHUiDIHFWDGDSRUHOJUDGRGHDVRFLDFLyQHQWUH
$\4\HOQ~PHURGHHVSHFLHVGHVDFWLYDGRUDVSUHVHQWHV$OLJXDOTXHHQHO
FDVR DQWHULRU OD GLVPLQXFLyQ HQ OD HPLVLyQ GH IOXRUHVFHQFLD SXHGH
FXDQWLILFDUVH PHGLDQWH OD HFXDFLyQ GH XQD OtQHD UHFWD HFXDFLyQ 
VLPLODU HQ IRUPD D OD HFXDFLyQ GH 6WHUQ9ROPHU 6LQ HPEDUJR OD
LQWHUSUHWDFLyQHVGLIHUHQWH\DTXHDOUHSUHVHQWDU,,ODSHQGLHQWHFXDQWLILFD
ODFRQVWDQWHGHDVRFLDFLyQ.6HQWUH$\4SRUORTXHVHSXHGHREWHQHU





I        HF
'DGRTXHODJUiILFDGHLQWHQVLGDGGHHPLVLyQIUHQWHDFRQFHQWUDFLyQ
GH HVSHFLH GHVDFWLYDGRUD SURGXFH HOPLVPR HIHFWR HQ ORV GRV FDVRV HV





H[FLWDGR ILJXUD  L]TXLHUGD SRU OR TXH WDQWR OD LQWHQVLGDG GH OD
HPLVLyQ FRPR HO WLHPSR GH YLGD VH UHGXFLUiQ DO LQFUHPHQWDU OD
FRQFHQWUDFLyQGHHVSHFLHGHVDFWLYDGRUD46LQHPEDUJRHQXQSURFHVR














OD FRQFHQWUDFLyQGH HVSHFLHGHVDFWLYDGRUD(Q HO FDVRGHXQSURFHVRGH
GHVDFWLYDFLyQGLQiPLFDDPEDVUHSUHVHQWDFLRQHVFRLQFLGLUiQPLHQWUDVTXH
HQHOFDVRGHXQSURFHVRGHGHVDFWLYDFLyQHVWiWLFRVyORODUHSUHVHQWDFLyQ









GHHPLVLyQGH IOXRUHVFHQFLDGHXQDSROLDPLQD OLQHDOTXH WLHQHXQJUXSR
QDIWDOHQR HQ XQR GH VXV H[WUHPRV 6H REVHUYD XQD GLVPLQXFLyQ GH OD
LQWHQVLGDGGHODHPLVLyQGHOOLJDQGRDODGLFLRQDUFDQWLGDGHVFUHFLHQWHVGH
KH[DFLDQRFREDOWR,,,HOFXDODFW~DGHHVSHFLHGHVDFWLYDGRUD4(QHOODGR
GHUHFKR GH OD ILJXUD  VH PXHVWUD OD UHODFLyQ ,, R W0W IUHQWH D OD
FRQFHQWUDFLyQGH46HSXHGHYHUFyPRODOtQHDGHFRORUIXFVLDQRVHDMXVWD
GHPDQHUDFODUDDXQDOtQHDUHFWDORTXHLQGLFDTXHVHHVWiIRUPDQGRXQD















UHFHSWRU HVSHFtILFR FRQXQD VXEXQLGDG FDSD]GH VHxDOL]DU OD LQWHUDFFLyQ
UHFHSWRUVXVWUDWRPHGLDQWHODHPLVLyQGHXQDVHxDOPDFURVFySLFDGHILQHD
XQVHQVRUPROHFXODU/DHILFLHQFLDGHOVHQVRUHVWiUHODFLRQDGDWDQWRFRQOD
VHOHFWLYLGDG GHO SURFHVR GH UHFRQRFLPLHQWR FRPR FRQ OD IDFLOLGDG \
VLPSOLFLGDGGHGHWHFFLyQ\PHGLGDGHODVHxDOPRVWUDGD
(Q IXQFLyQ GHO WLSR GH VHxDO HPLWLGD ORV VHQVRUHV TXtPLFRV
PROHFXODUHVWDPELpQGHQRPLQDGRVTXLPLRVHQVRUHVSXHGHQFODVLILFDUVHHQ
WpUPLFRV GHPDVDV HOHFWURTXtPLFRVPDJQpWLFRV \ ySWLFRV /D SUHVHQWH








$ OD KRUD GH UHYLVDU OD ELEOLRJUDItD H[LVWHQWH HQ HO FDPSR GHO







XQ FDPELR H[WHUQR FDSD] GH WUDQVPLWLU XQD VHxDO D XQ LQVWUXPHQWR GH
FRQWURORPHGLGD(VWDGHVFULSFLyQLQFOX\HDODXQLGDGUHFHSWRUDODXQLGDG
VHxDOL]DGRUD HO VLVWHPD ySWLFR \ HO GHWHFWRU 3RU RWUR ODGR SDUD HYLWDU
FRQIXVLRQHV VH VXHOH OODPDU VHQVRU PROHFXODU ySWLFR ~QLFDPHQWH D OD
DVRFLDFLyQ UHFHSWRUXQLGDG VHxDOL]DGRUD2WUD GLVWLQFLyQ LPSRUWDQWH VH
GHEHWHQHUHQFXHQWDFXDQGRDSDUHFHHOWpUPLQRGHVHQVRUTXtPLFRWDPELpQ
OODPDGRV TXLPLRVHQVRU \ ELRVHQVRU (Q ORV SULPHURV OD UHVSXHVWD DO
DQDOLWR HV GH RULJHQ DELyWLFR PLHQWUDV TXH ORV VHJXQGRV VXUJHQ FRPR
UHVSXHVWDDXQDPDFURPROpFXODELROyJLFDSRUHMHPSORXQDSURWHtQD





HQ GLVROXFLyQ ILJXUD     $ FRQWLQXDFLyQ VH FRPHQWDQ DOJXQRV
HMHPSORV HQ ORV TXH VH SXHGH YHU OD DSOLFDFLyQ GH OD TXtPLFD
VXSUDPROHFXODUDOGHVDUUROORGHVHQVRUHVPROHFXODUHVPHGLDQWHHOHPSOHR

































GHO VXVWUDWR SXHGH SURGXFLU XQ DXPHQWR GH OD LQWHQVLGDG GH HPLVLyQ
CHEFRSRUHO FRQWUDULR ODXQLyQFRQHO VXVWUDWRSXHGHSURYRFDUXQD
GLVPLQXFLyQGHODLQWHQVLGDGGHIOXRUHVFHQFLD&+(4&XDQGRHOVXVWUDWR
TXH VH TXLHUH UHFRQRFHU VRQ SURWRQHV VH XVD HO WpUPLQR ³LQGLFDGRU
IOXRUHVFHQWH GH S+´ \ VL HO VXVWUDWR HV XQ LRQ VH OH SXHGH GHQRPLQDU







/D GHWHUPLQDFLyQ GH DOXPLQLR PHGLDQWH HVSHFWURVFRStD GH
IOXRUHVFHQFLD VH OOHYD UHDOL]DQGR GHVGH KDFH PiV GH XQ VLJOR
*RSSHOVU|HGHUIXHHOSULPHURHQGHWHFWDU ODHPLVLyQGHIOXRUHVFHQFLDGH
H[WUDFWRV DOFRKyOLFRV GH &XEDZRRG Morus tinctoria HQ SUHVHQFLD GH
DOXPEUHHQGHELGRDODIRUPDFLyQGHXQTXHODWRFRQHODOXPLQLR
(QODILJXUDVHPXHVWUDODHVWUXFWXUDGHOiFLGRFURPRWUySLFRHPSOHDGR
SRU ( %DUGH] et al SDUD OD GHWHFFLyQ FXDQWLWDWLYD GH DOXPLQLR,,,32








(O VLVWHPD GH OD ILJXUD  HV XQ HMHPSOR WtSLFR GH HVWD
DSUR[LPDFLyQ (Q HVWH FDVR OD XQLGDG FRRUGLQDQWH FRQVLVWH HQ XQD




(VWH FRPSXHVWR HV LQLFLDOPHQWH LQFRORUR SHUR FXDQGR VH FRRUGLQD FRQ
DQLRQHVEiVLFRVFRPRSRUHMHPSORDFHWDWRDWUDYpVGHLQWHUDFFLRQHVSRU
SXHQWHVGHKLGUyJHQRVHSURGXFHXQGHVSOD]DPLHQWRKDFLDORQJLWXGHVGH
RQGD PD\RUHV \ HO FRORU GH OD GLVROXFLyQ FDPELD D DPDULOOR (VWH











\ HO IOXRUyIRUR HVWiQ FRYDOHQWHPHQWH XQLGRV SHUR VRQ HOHFWUyQLFDPHQWH
LQGHSHQGLHQWHV(QHVWHVHQWLGRVHSXHGHQVLQWHWL]DUGLIHUHQWHVPROpFXODV






HVSDFLDGRU (Q DPERV FDVRV DPEDV SDUWHV HVWiQ HVSDFLDOPHQWH PX\
SUy[LPDVSRUORTXHODLQWHUDFFLyQGHOVXVWUDWRFRQHOUHFHSWRULQGXFHXQ






DQWUDFHQRPHGLDQWH XQ JUXSRPHWLOHQR (VWH OLJDQGR VH HPSOHD SDUD OD
GHWHFFLyQ GHPHWDOHV GHO EORTXH s/D DGLFLyQ GH VRGLR R SRWDVLR D OD
GLVROXFLyQ SURYRFD XQ DXPHQWR FRQVLGHUDEOH GH OD HPLVLyQ GH
IOXRUHVFHQFLDGHODXQLGDGDQWUDFHQRPLHQWUDVTXHODDGLFLyQGHOLWLRQR
SURGXFHQLQJ~QFDPELR(VWHFRPSRUWDPLHQWRVHGHEHDTXHHQDXVHQFLD










/D FXDUWD HVWUDWHJLD FRQVLVWH HQ OD VtQWHVLV GH VLVWHPDV
TXLPLRVHQVRUHVEDVDGRVHQHQVD\RVFRPSHWLWLYRV ILJXUD(QHVWH
FDVRHOUHFHSWRU\ODXQLGDGVHxDOL]DGRUDQRVHHQFXHQWUDQXQLGRVPHGLDQWH
XQDXQLyQ FRYDOHQWH VLQR IRUPDQGRXQ FRPSOHMR&XDQGR VH DxDGHXQ
GHWHUPLQDGR VXVWUDWR D OD DVRFLDFLyQ UHFHSWRUXQLGDG VHxDOL]DGRUD VH
SURGXFH XQD UHDFFLyQ GH GHVSOD]DPLHQWR SRU OD TXH HO UHFHSWRU SDVD D
IRUPDUXQFRPSOHMRFRQHOVXVWUDWROLEHUDQGRDODXQLGDGVHxDOL]DGRUD6L
ODVFDUDFWHUtVWLFDVHVSHFWURVFySLFDVGHODXQLGDGVHxDOL]DGRUDFXDQGRHVWi





(Q HVWH WLSR GH HQVD\RV HV FRQYHQLHQWH TXH OD FRQVWDQWH GH
HVWDELOLGDGSDUDODIRUPDFLyQGHOFRPSOHMRHQWUHHOUHFHSWRU\HOVXVWUDWR
VHD PD\RU TXH OD FRUUHVSRQGLHQWH DO FRPSOHMR UHFHSWRUXQLGDG
VHxDOL]DGRUD \D TXH VL HV PHQRU HV QHFHVDULR DGLFLRQDU XQD PD\RU
FDQWLGDGGHVXVWUDWRSDUDFRQVHJXLUODUHDFFLyQGHGHVSOD]DPLHQWRFRQOR
TXH OD VHQVLELOLGDG GLVPLQX\H GH PDQHUD QRWDEOH $GHPiV VH SXHGH
FRQVHJXLUFLHUWDVHOHFWLYLGDGPHGLDQWHXQDVHOHFFLyQFXLGDGRVDGHODSDUHMD







8Q HMHPSOR GH HQVD\R GH GHVSOD]DPLHQWR HQ HO TXH VH HPSOHD OD
HPLVLyQ GH IOXRUHVFHQFLD FRPR VHxDO LQGLFDGRUD HV HO GHVDUUROODGR SRU





6H SDUWH GH XQD GLVROXFLyQ TXH FRQWLHQH XQD ILEUD GH $'1 FRQ
PROpFXODV GH EURPXUR GH HWLGLR LQWHUFDODGDV HQ VX HVWUXFWXUD (Q HVWDV
FRQGLFLRQHVODHPLVLyQGHIOXRUHVFHQFLDGHOLQWHUFDODQWHHVHOHYDGD\DTXH














3DUD PRVWUDU XQD DSOLFDFLyQ GH ORV HQVD\RV GH GHVSOD]DPLHQWR
FRORULPpWULFRVDOUHFRQRFLPLHQWRVXSUDPROHFXODUVHKDHVFRJLGRHOWUDEDMR
GHVDUUROODGRSRUHOJUXSRGH(9$QVO\QHQHOTXHVHHPSOHDQUHFHSWRUHV









TXH DO DxDGLU HO GLDVWHUHLVyPHUR 66 GH OD KLGUREHQ]RLQD VH OLEHUD HO
FURPyIRUR D OD GLVROXFLyQ FRQ HO FRQVLJXLHQWH FDPELR GH FRORU QR VH
SURGXFHHOPLVPRHIHFWRFXDQGRVHDxDGHHOGLDVWHUHLVyPHUR553RUOR




(Q HVWD FDWHJRUtD QRV HQFRQWUDPRV DTXHOORV VLVWHPDV TXH QR VH















IOXRUHVFHQFLDVHPXHVWUDHQ OD ILJXUD/DUHGXFFLyQGHO UHFHSWRUHQ
DJXDWDPSRQDGDDS+ VHSURGXFHHQSUHVHQFLDGH1$'+TXHDFW~D
FRPRUHGXFWRU/DUHDFFLyQUHGR[SURGXFHODOLEHUDFLyQGHODXPEHOLIHURQD
HVSHFLH DOWDPHQWH IOXRUHVFHQWH EDQGD GH HPLVLyQ FHQWUDGD D  QP







FDPELRV FRORULPpWULFRV (O UHFHSWRU TXH VH PXHVWUD HQ OD ILJXUD 
UHDFFLRQD FRQ HO DQLyQ VXOIXUR GDQGR OXJDU D OD DSHUWXUD GHO FLFOR8QD
DGLFLyQSRVWHULRUGHiFLGRLQGXFHODFLFODFLyQSDUDGDUHOGHULYDGRDQLOLQD


































GH ORV VHQVRUHV IOXRUHVFHQWHV /D ILJXUD PXHVWUD FyPR XQ VXVWUDWR
SXHGHFRQWURODUODWUDQVIHUHQFLDGHFDUJDIRWRLQGXFLGD3(7photoinduced 
electron transfer HQ XQ VHQVRU HQ HO TXH HO UHFHSWRU DFW~D FRPR GDGRU







(Q PXFKRV VHQVRUHV IOXRUHVFHQWHV EDVDGRV HQ SURFHVRV 3(7 HO
UHFHSWRU FRQVWD GH DPLQDV GH FDUiFWHU DOLIiWLFR R DURPiWLFR TXH DFW~DQ
FRPR GHVDFWLYDGRUHV GH OD IOXRUHVFHQFLD \D TXH HVWH PHFDQLVPR GH




HVWH ~OWLPR (O HVWXGLR TXH VH OOHYD D FDER FRQ HVWRV VLVWHPDV HV OD
LQIOXHQFLD GH ³DJHQWHV H[WHUQRV´ VREUH HVD GHVDFWLYDFLyQ GH OD
IOXRUHVFHQFLD3RUHMHPSORFXDQGRHOS+S.DHOSURWyQIRPHQWDUi





HV XQ PHWDO FRQ OD FDSD GH HOHFWURQHV ³G´ FRPSOHWD QR SDUWLFLSD HQ











(Q HVWH FDVR VH SXHGH GDU RWUR PHFDQLVPR GH GHVDFWLYDFLyQ GH OD





(Q HO FDVR GH FDWLRQHV FRQ FLHUWD WHQGHQFLD UHGXFWRUD ILJXUD
$ HO PHWDO SURSRUFLRQD XQ HOHFWUyQ DO +202 GHO IOXRUyIRUR
LQKLELHQGR OD GHVDFWLYDFLyQ GH VX SURSLR HOHFWUyQ (O HOHFWUyQ TXH VH
HQFXHQWUDHQHO/802VHPLRFXSDGRGHOIOXRUyIRURSXHGHSDVDUKDVWDHO
RUELWDO VHPLRFXSDGR GHOPHWDO SRU UHWURGRQDFLyQ EDFN(7 SURFHVR QR
UDGLDWLYRGHPDQHUDTXHVHUHJHQHUDQORVHVWDGRVIXQGDPHQWDOHVGHFDGD
XQR'HIRUPDSDUHFLGDVXFHGHFRQFDWLRQHVFRQWHQGHQFLDR[LGDQWHILJXUD
% (O HOHFWUyQ H[FLWDGR SDVD DO RUELWDO YDFtR GHO PHWDO \ SRU
UHWURGRQDFLyQYXHOYHDO+202GHOIOXRUyIRUR




























IOXRUyIRURGHELGRDTXH ODXQLyQHQWUHHO UHFHSWRU\HOPHWDODIHFWDD OD
HILFDFLD GH OD WUDQVIHUHQFLD GH FDUJD LQWUDPROHFXODU 'DGR TXH WDQWR HO
JUXSRUHFHSWRUFRPRHOIOXRUyIRURSXHGHQVHUGDGRUHVRDFHSWRUHVVHYDD
GHVFULELUEUHYHPHQWHODVGRVSRVLELOLGDGHV
&XDQGR XQ JUXSR HOHFWUyQ GDGRU LQWHUDFFLRQD FRQ XQ FDWLyQ YH
UHGXFLGR VX FDUiFWHU GDGRU \PDFURVFySLFDPHQWH VH SXHGH REVHUYDU XQ




GHVSOD]DPLHQWR KDFLD HO URMR GHO HVSHFWUR GH DEVRUFLyQ MXQWR FRQ XQ
DXPHQWRGHOFRHILFLHQWHGHH[WLQFLyQ
(VWRV FDPELRV WDPELpQ VH SXHGHQ H[SOLFDU HQ WpUPLQRV GH
LQWHUDFFLyQFDUJDGLSROR&RQVLGHUHPRVSRUHMHPSORHOFDVRHQHOTXHHO


























LQGRO DFW~DQ FRPR IOXRUyIRUR \ HO FULSWDQGR HV HO UHVSRQVDEOH GH OD









FRQWRUVLyQ7,&7twisted internal charge transfer7UDVODFRRUGLQDFyQ
GHOLyQPHWiOLFRVHSURGXFHXQGHVSOD]DPLHQWRGHOPi[LPRGHHPLVLyQTXH
VH GHEH D OD UHGXFFLyQ GHO FDUiFWHU HOHFWUyQ GDGRU GHO UHFHSWRU \ HQ














ORV FRPSOHMRV IRUPDGRV VRQ PiV HVWDEOHV HQ FRPSDUDFLyQ FRQ pWHUHV






H[FLWDGR VH YH PiV HVWDELOL]DGR TXH HO HVWDGR IXQGDPHQWDO SRU OR TXH










IRUPDU H[FtPHURV TXH GH QXHYR SXHGHQ VHU GLQiPLFRV R HVWiWLFRV(O
SULPHUFDVRHVHOPiVFRP~Q\DSDUHFHFXDQGRXQIOXRUyIRURHQHOHVWDGR
H[FLWDGR VH FRORFD HVSDFLDOPHQWHPX\ FHUFD GH RWUR QR H[FLWDGR (Q HO
VHJXQGRFDVRODDVRFLDFLyQHQWUHGRVIOXRUyIRURVVHSURGXFHHQHOHVWDGR
IXQGDPHQWDO\DFRQWLQXDFLyQRFXUUHODH[FLWDFLyQGHXQRGHHOORV&XDQGR
OD LQWHUDFFLyQ VH SURGXFH HQWUH XQ IOXRUyIRUR HQ HVWDGR H[FLWDGR \ RWUD
XQLGDGDURPiWLFDGLIHUHQWHHQHOHVWDGRIXQGDPHQWDOVHKDEODGHIRUPDFLyQ
GH H[FLSOHMRV(VWD FODVHGH LQWHUDFFLRQHV VHREVHUYDQ HQ HO HVSHFWURGH
HPLVLyQ\DTXHDGHPiVGHODEDQGDFRUUHVSRQGLHQWHDOPRQyPHURDSDUHFH









VHQVRUHV IOXRUHVFHQWHV 6L OD GLVWDQFLD HQWUH ODV XQLGDGHV IOXRUyIRUDV
SUHVHQWHV HQ HO TXLPLRVHQVRU VH YH DIHFWDGD SRU OD FRRUGLQDFLyQ GHO
VXVWUDWR HO UHFRQRFLPLHQWRGHOPLVPRSXHGHPRQLWRUL]DUVH VLJXLHQGR OD





TXH SXHGH DOWHUDU HO FRPSRUWDPLHQWR IRWRItVLFR GHO H[FtPHUR (O VHQVRU
PROHFXODU IOXRUHVFHQWH TXH VH PXHVWUD HQ OD ILJXUD  FRQVWD GH XQD
FDGHQDSROLDPtQLFDWULSRGDOFRQWUHVXQLGDGHVQDIWDOHQRHQORVH[WUHPRVGH
ODVFDGHQDV(QIXQFLyQGHODWHPSHUDWXUDHVFDSD]GHIRUPDUXQLQWHQVR













GH HVWH VLVWHPD ([LVWHQ RWURV HMHPSORV HQ ORV TXH VH KDPRGLILFDGR HO
PHGLR HQ HO TXH VH HQFXHQWUD OD PROpFXOD RUJiQLFD SDUD PRGLILFDU OD




SDUD FDGD WLSR GH SURFHVR IRWRTXtPLFR TXH SXHGH GDUVH GXUDQWH HO
UHFRQRFLPLHQWRGHXQVXVWUDWR6LQHPEDUJRHVQHFHVDULRUHVDOWDUTXHHVWRV














TXLPLRVHQVRU VH EDVD HQ ODPRGLILFDFLyQ GH XQ D]DpWHU FRURQD FRQ GRV
JUXSRV SLUHQR /D FRRUGLQDFLyQ GH XQPHWDO SURGXFH XQ DXPHQWR HQ OD
HPLVLyQGHELGRDODUHGXFFLyQGHOSURFHVR3(7GHVGHHOiWRPRGHQLWUyJHQR
D ORV JUXSRV SLUHQR \ DGHPiV SURGXFH FDPELRV HQ OD UHODFLyQ GH
LQWHQVLGDGHVHQWUHHOPRQyPHUR\HOH[FtPHUR6HKDFRPSUREDGRTXHOD
UHODFLyQPRQyPHURH[FtPHURGHSHQGHHQJUDQPHGLGDGHODQDWXUDOH]DGHO







DYDQFHV HQ HO FDPSRGHO UHFRQRFLPLHQWR HO XVR HQ ORV~OWLPRV DxRVGH
DUTXLWHFWXUDV PiV FRPSOHMDV X RUJDQL]DGDV HVWi SHUPLWLHQGR VXSHUDU
PXFKDVGHODVOLPLWDFLRQHVTXHDSDUHFtDQDOWUDEDMDUFRQORVOLJDQGRVHQ


































PiV UHFLHQWHPHQWH KDFLD QDQRHVWUXFWXUDV GRQGH ODV LQWHUDFFLRQHV
LQWHUPROHFXODUHVSXHGHQFRQGXFLUDGLVSRVLWLYRVIRWRTXtPLFRVIXQFLRQDOHV
GHWDPDxRQDQRPpWULFR
/D QDQRWHFQRORJtD HV XQD FLHQFLD HPHUJHQWH TXH H[SORWD ODV
















+R\ HQ GtD H[LVWHQ HVSHFLHV OXPLQLVFHQWHV GH QDWXUDOH]D PX\
GLYHUVD(QWUHODVPiVXVDGDVSDUDDSOLFDFLRQHVELRPpGLFDVRGLULJLGDVDO
FDPSR GH OD GHWHFFLyQ VH HQFXHQWUDQ ODV RUJiQLFDV RUJDQRPHWiOLFDV
SROLPpULFDVRSURWHLFDV6LQHPEDUJRKD\TXHGHVWDFDUTXHHQHVWDFODVH









QDQRSDUWtFXODV \D TXH RIUHFHQ XQ HQWRUQR SURWHFWRU GRQGH ODV HVSHFLHV













HO HPSOHR GH QDQRSDUWtFXODV SDUD GLDJQRVLV \ WUDWDPLHQWRV GH
HQIHUPHGDGHV\DTXHVHSXHGHQPRGLILFDUFRQIiUPDFRV\ELRPROpFXODV
GH LQWHUpV IDUPDFROyJLFR FRPR DQWLFXHUSRV SURWHtQDV HWF  (VWDV
QDQRSDUWtFXODVIXQFLRQDOL]DGDVFRQHOIiUPDFRLQFOXVRVHSXHGHQGLULJLUGH
IRUPDVHOHFWLYDDO OXJDUGHDFFLyQPHGLDQWH OD LQFRUSRUDFLyQDODSURSLD
QDQRSDUWtFXODGHDQWLFXHUSRVFRQ ORTXHDGHPiVGHKDFHUPiVHILFD] OD
OOHJDGD GHO IiUPDFR VH OH SURWHJH GH SRVLEOHV GHJUDGDFLRQHV HQ HO
RUJDQLVPR/DILJXUDHVTXHPDWL]DODYHUVDWLOLGDGGHHVWRVVLVWHPDV





(O XVR GH QDQRSDUWtFXODV HQ OD VtQWHVLV GH TXLPLRVHQVRUHV
OXPLQLVFHQWHV KtEULGRV WLHQH TXH FXPSOLU FLHUWRV UHTXLVLWRV EiVLFRV (O
PDWHULDOGHEHVHUTXtPLFDPHQWHHVWDEOHFRPSDWLEOHFRQHOPHGLRHQHOTXH
VHYDDXVDU\GHEHSUHVHQWDUSURSLHGDGHVIRWRItVLFDVTXHQRGHSHQGDQGHO







SXHGHQ HPSOHDUVH HQ HO GLVHxR GH VLVWHPDV KtEULGRV IOXRUHVFHQWHV
QDQRSDUWtFXODV VXSHUILFLHV QDQRWXERV HWF &DGD XQR GH HOORV WLHQH VXV
YHQWDMDVHLQFRQYHQLHQWHVVHJ~QODILQDOLGDGTXHVHEXVTXHSRUORTXHD






/RV VLVWHPDV OODPDGRV TXDQWXP GRWV 4'V VH GHVDUUROODURQ D
SULQFLSLRV GH  (VWRV FOXVWHUV DWyPLFRV VH GHILQHQ FRPR
KHWHURHVWUXFWXUDV OXPLQLVFHQWHV GH HVFDOD QDQRPpWULFD  QP TXH
Capítulo 1. 





TXH HQ ORVPDWHULDOHV FRQ DUTXLWHFWXUD Q~FOHRHQYROWXUD core-shell ORV
SURFHVRVGH IRWRGHVFRPSRVLFLyQGH ODXQLGDGHPLVLYD VH HYLWDQHQJUDQ
PHGLGD
/DVSURSLHGDGHVySWLFDVGHORV4'VVRQPX\FDUDFWHUtVWLFDVHPLWHQ
HQ XQ LQWHUYDOR GH HPLVLyQ HVWUHFKR WLHQHQ XQ FRHILFLHQWH GH H[WLQFLyQ
PRODUH\XQUHQGLPLHQWRFXiQWLFR)DOWRSUHVHQWDQWLHPSRVGHYLGD
HOHYDGRV \ HQ FRPSDUDFLyQ FRQ ODV PROpFXODV RUJiQLFDV IOXRUHVFHQWHV









SUHVHQWDQ XQD JUDQ GHVYHQWDMD IUHQWH D RWURV VLVWHPDV \ HV TXH QR VH
GLVSHUVDQ ELHQ HQ DJXD OR TXH LPSRVLELOLWD VX DSOLFDFLyQ HQ PHGLRV











HO SDVR GHO WLHPSR DO LUUDGLDUODV R DO VXIULU SURFHVRV GH R[LGDFLyQ 'H
KHFKRH[LVWHFLHUWDFRQWURYHUVLDVREUHODFLWRWR[LFLGDGGHHVWRVVLVWHPDV\D



























LQWHUHVDQWH DO FDPSR GH ORV VHQVRUHV ySWLFRV GH LRQHV PROpFXODV R
PDFURPROpFXODV$VtSRUHMHPSORVHKDQXWLOL]DGRQDQRSDUWtFXODVGHRUR
PRGLILFDGDV VXSHUILFLDOPHQWH FRQ pWHUHV FRURQD HQ OD GHWHFFLyQ
FRORULPpWULFDGHSRWDVLR/DFRRUGLQDFLyQGHORVFDWLRQHVSRWDVLRSRUORV
















/DV GLVROXFLRQHV FRORLGDOHV GH QDQRSDUWtFXODV GH RUR PXHVWUDQ
DOJXQDV YHQWDMDV IUHQWH D ORV 4'V \D TXH QR VXIUHQ SURFHVRV GH
IRWRGHVFRPSRVLFLyQQRVRQ LQWUtQVHFDPHQWH Wy[LFDV GHKHFKRHORURHV
XQRGHORVSRFRVPHWDOHVTXHQRHVUHFKD]DGRSRUHOFXHUSRKXPDQRVL
ELHQ OD DFXPXODFLyQ GH RUR Vt SURGXFH WR[LFLGDG FRQ HO WLHPSR VRQ
UD]RQDEOHPHQWH HVWDEOHV \ SXHGHQ DOPDFHQDUVH VLHPSUH TXH VHD HQ XQ
DPELHQWH VHFR 6LQ HPEDUJR HQ FXDQWR D SURSLHGDGHV OXPLQLVFHQWHV VH
SXHGHQ HQFRQWUDU DOJXQDV GHVYHQWDMDV \D TXH HQ SULQFLSLR ODV









(V LPSRUWDQWH WHQHU HQ FXHQWD OD JUDQ YDULHGDG GH IDFWRUHV TXH




$XQTXH ORV QDQRWXERV GH FDUERQR &17V QR VRQ HVWULFWDPHQWH
VLVWHPDVQDQRSDUWLFXODGRVVtHQWUDQGHQWURGHODFODVLILFDFLyQGHVLVWHPDV




\ FHUUDGDV IRUPDQGR WXERV GH WDPDxR QDQRPpWULFR FRQ XQD VHULH GH
FDUDFWHUtVWLFDV TXH KDQ GHVSHUWDGR XQ JUDQ LQWHUpV HQ QXPHURVDV
DSOLFDFLRQHVWHFQROyJLFDV8QDGHVXVSURSLHGDGHVPiVLQWHUHVDQWHVHVOD
DOWDFDSDFLGDGGHHPLVLyQGHHOHFWURQHVORTXHVHKDXWLOL]DGRSDUDIDEULFDU
IXHQWHV GH HOHFWURQHV SDUD PLFURVFRSLRV HOHFWUyQLFRV 'HELGR D HVWDV
FDUDFWHUtVWLFDV HO JUDIHQR HVWi VLHQGR XWLOL]DGR FRPR VRSRUWH HQ OD
IDEULFDFLyQGHELRVHQVRUHV
8QHMHPSORGHOXVRGHQDQRWXERVGHFDUERQRHQHO FDPSRGH ORV
ELRVHQVRUHV VH PXHVWUD HQ OD ILJXUD  8QD PRQRKHEUD GH $'1
PRGLILFDGDHQODSRVLFLyQ¶FRQXQDPROpFXODGHIOXRUHVFHtQDVHHQFXHQWUD
LQWHUDFFLRQDQGRFRQODVXSHUILFLHGHOQDQRWXERGHFDUERQRGHPDQHUDTXH























RUGHQDGRV GH GLIHUHQWHV WDPDxRV (O VRSRUWH TXH VH HPSOHD HV HVWRV
VLVWHPDV QR SRVHH GLPHQVLRQHV FRQWURODEOHV D HVFDOD QDQRPpWULFD SHUR
LPSOLFDGHLJXDOPRGRXQDXWRHQVDPEODMHGHPRQRFDSDVPROHFXODUHVVREUH




LQFRUSRUH XQ UHFHSWRU HVSHFtILFR SDUD ORV FDWLRQHV6LQ HPEDUJR HVWRV
VLVWHPDVWLHQHQODGHVYHQWDMDGHTXHSUHVHQWDQXQDVXSHUILFLHPX\SHTXHxD





8QR GH ORV VLVWHPDV PiV GHVDUUROODGRV SDUD VX HPSOHR FRPR
PDWHULDOHV OXPLQLVFHQWHV VRQ ODV QDQRSDUWtFXODV GH y[LGRV LQRUJiQLFRV
PDJQHWLWD VtOLFH DOXPLQRVLOLFDWRV HWF (VWRV VLVWHPDV KDQPRVWUDGR XQ
JUDQ Q~PHUR GH YHQWDMDV IUHQWH DO XVR WUDGLFLRQDO GH PROpFXODV
IOXRUHVFHQWHV WDQWR HQ HO GLVHxR GH ELRVHQVRUHV  LQPXQRHQVD\RV 




([LVWHQ GLIHUHQWHV PpWRGRV VLQWpWLFRV SDUD OD SUHSDUDFLyQ GH HVWD
FODVHGHQDQRSDUWtFXODV\HQSDUWLFXODUSDUD ODVtQWHVLVGHQDQRSDUWtFXODV
GRSDGDV FRQ PROpFXODV IOXRUHVFHQWHV WRGDV HOODV FDUDFWHUL]DGDV SRU VX
VLPSOLFLGDG EDMR FRVWH YHUVDWLOLGDG \ VREUH WRGR SRU OD FDSDFLGDG GH
FRQWURODU OD DUTXLWHFWXUDGH ORVPDWHULDOHV UHVXOWDQWHV/DKDELOLGDGSDUD




$ OD KRUD GH SUHSDUDU TXLPLRVHQVRUHV QDQRHVWUXFWXUDGRV H[LVWHQ
YDULDVHVWUDWHJLDVSRVLEOHVGH VtQWHVLVGHSHQGLHQGRGH VL HO UHFHSWRU\ OD
XQLGDGIOXRUHVFHQWHVHHQFXHQWUDQRQRXQLGRVFRYDOHQWHPHQWH7DPELpQ
HVSRVLEOHPRGLILFDUODPROpFXODRUJiQLFDFRQXQJUXSRWULHWR[LVLODQRSRU
HMHPSOR GH PDQHUD TXH IRUPH SDUWH GH OD SURSLD HVWUXFWXUD GHO y[LGR








x HO UHFHSWRU \ OD XQLGDG VHxDOL]DGRUD VH HQFXHQWUDQ VHSDUDGRV HQ HO
LQWHULRUGHODQDQRSDUWtFXODILJXUDG







GH ODVPROpFXODV RUJiQLFDV IUHQWH D DJHQWHV H[WHUQRV DJUHVLYRV DXPHQWD
FXDQGRODVHVSHFLHVIOXRUHVFHQWHVVHHQFXHQWUDQVHJUHJDGDVHQHOLQWHULRU
\D TXH GH DOJ~Q PRGR VH HQFXHQWUDQ SURWHJLGDV 6LQ HPEDUJR OD
DFFHVLELOLGDGGHO VXVWUDWR D ODVXQLGDGHV UHFHSWRUDV HVPHQRU933RURWUR
ODGR FXDQGR ODV HVSHFLHV UHFHSWRUDV VH HQFXHQWUDQ HQ OD VXSHUILFLH OD
GHWHFFLyQ VH YH IDYRUHFLGD \D TXH HVWiQPiV ³FHUFD´ GHO VXVWUDWR \ VX
PRYLOLGDG HV PD\RU (VWR FRQOOHYD XQ LQFUHPHQWR HQ ODV LQWHUDFFLRQHV
HOHFWUyQLFDV TXH SXHGHQ HQ DOJXQRV FDVRV FRQVHJXLU XQ HIHFWR GH





















8QHMHPSORGHO HPSOHRGHHVWD HVWUDWHJLD D ODKRUDGHGLVHxDUXQ
TXLPLRVHQVRUIOXRUHVFHQWHGH=Q,,HVHOGHVDUUROODGRSRU/3URGLet al
HQ HO TXH VHPRGLILFD OD VXSHUILFLH GH QDQRSDUWtFXODV GH VtOLFH FRQ XQD
TXLQROLQDVXOIRQDPLGD PRGLILFDGD FRQ XQ JUXSR WULHWR[LVLODQR 467
ILJXUD  (Q HVWH VLVWHPD OD FRPSOHMDFLyQ WLHQH OXJDU MXQWR FRQ OD










UHVSXHVWD IOXRUHVFHQWH JUDFLDV D OD SUHRUJDQL]DFLyQ GH ODV PROpFXODV
RUJiQLFDVHQODVXSHUILFLHGHXQDQDQRSDUWtFXODILJXUD(QDXVHQFLD
GH=Q,,ODGHVDFWLYDFLyQGHVGHORVHVWDGRVH[FLWDGRVGHO467VHSURGXFH
PD\RULWDULDPHQWH D WUDYpV GH XQ SURFHVR QR UDGLDWLYR IOHFKDV D]XOHV
GLVFRQWLQXDV\DTXHHOSURFHVRUDGLDWLYRQRHVHILFD]6LQHPEDUJRFXDQGR
VH DxDGH XQD FDQWLGDG GH =Q,, VXILFLHQWH SDUD HPSH]DU D IRUPDU

















([LVWHQ RWURV HMHPSORV TXH KDFHQ UHIHUHQFLD D XQ DXPHQWR HQ OD






GHO UHFHSWRU PHGLDQWH HO XVR GH XQD SODQWLOOD DGHFXDGD SDUD IRUPDU XQ
HQVDPEODMHRUJDQL]DGRGHDPERV(QHVWHFDVRODVGLIHUHQWHVXQLGDGHVQR
LQWHUDFW~DQGHPDQHUDGLUHFWD\FRPRFRQVHFXHQFLDODFRPXQLFDFLyQHQWUH
HO VXVWUDWR XQLGR DO UHFHSWRU \ HO IOXRUyIRUR VH JDUDQWL]D VyOR SRU VX
GLVSRVLFLyQ HVSDFLDO PiV R PHQRV FHUFDQD 3RU VXSXHVWR HV QHFHVDULR
GLVHxDUHOTXLPLRVHQVRUGHPDQHUDTXHHOUHFRQRFLPLHQWRGHOVXVWUDWRSRU





TXLPLRVHQVRUHV GHVGH HO XVR GH DJUHJDGRV PLFHODUHV PRQRFDSDV GH
/DQJPXLU%ORGJHWWR ODRUJDQL]DFLyQGHFDSDVGH WULDOFR[LVLODQRVREUH
VXSHUILFLHVGHYLGULR







/D XQLyQ GH ORV FRPSRQHQWHV GHO TXLPLRVHQVRU D OD VXSHUILFLH D








D VXV LPSRUWDQWHV OLPLWDFLRQHV(Q SDUWLFXODU ORV DJUHJDGRV IRUPDGRV D
SDUWLU GH VXUIDFWDQWHV \ ODV SHOtFXODV GH /DQJPXLU%ORGJHWW VRQ REMHWRV
GHOLFDGRVTXHVHIRUPDQVyORHQFRQGLFLRQHVSDUWLFXODUHV3RURWURODGRODV
VXSHUILFLHVGHYLGULRWLHQHQXQiUHDVXSHUILFLDOUHGXFLGDTXHQRSHUPLWHOD
JHQHUDFLyQGHXQD IXHUWHVHxDOGH IOXRUHVFHQFLD'HQXHYR ORVVLVWHPDV
QDQRSDUWLFXODGRV VH SUHVHQWDQ FRPR XQD DOWHUQDWLYD HILFD] \D TXH OD




(Q JHQHUDO ORV TXLPLRVHQVRUHV EDVDGRV HQ LRQHV ODQWiQLGRV KDQ
DWUDtGRHOLQWHUpVGHODFRPXQLGDGFLHQWtILFDGXUDQWHYDULDVGpFDGDVGHELGR
D VXV FDUDFWHUtVWLFDV IRWRItVLFDV ~QLFDV FRPR WLHPSRV GH YLGD HOHYDGRV
EDQGDV GH HPLVLyQ HVWUHFKDV \ DOWRV GHVSOD]DPLHQWRV GH 6WRNHV &RPR
HMHPSORGHHOORVHHQFXHQWUDQORVWUDEDMRVGHVDUUROODGRVSDUDODGHWHFFLyQ
GH GLSLFROLQDWR GH FDOFLR &D'3$ (VWD VXVWDQFLD PXHVWUD XQD JUDQ
DILQLGDG SRU ORV LRQHV ODQWiQLGRV \ HQ SDUWLFXODU SRU HO WHUELR,,, /D
LPSRUWDQFLD GH GHWHFWDU HVWD VXVWDQFLD UDGLFD HQ TXH HV HO ~QLFR
ELRPDUFDGRU GH ODV HVSRUDV GH EDFLORV FRPR HOB. anthracis FRQRFLGR
FRPRXQDJHQWHSRWHQFLDOHQORVDWDTXHVWHUURULVWDVELROyJLFRV
//Xet al.SXEOLFDURQHQXQHVWXGLRPX\LQWHUHVDQWHEDVDGR
HQ ODPRGLILFDFLyQ GH QDQRSDUWtFXODV FRQ XQ FRPSOHMR GH(X,,, FRPR
Capítulo 1. 

TXLPLRVHQVRU(O VLVWHPD KtEULGR HVWi IRUPDGR SRU QDQRSDUWtFXODV GH
VtOLFHGRSDGDVHQVXLQWHULRUFRQXQGHULYDGRGHODIOXRUHVFHtQD),7&$









GpELOPHQWH XQLGDV DO FHQWURPHWiOLFR \ SXHGHQ VHU VXVWLWXLGDV SRU'3$
FXDQGRpVWHVHHQFXHQWUDHQODGLVROXFLyQORTXHVHWUDGXFHHQXQDXPHQWR
VLJQLILFDWLYR GH OD HPLVLyQ GHO FRPSOHMR /RV DXWRUHV HQFRQWUDURQ XQD
FRUUHODFLyQ OLQHDO HQWUH HO Pi[LPR GH LQWHQVLGDG HQ OD HPLVLyQ GHO














DSRSWRVLV  3DUD HOOR VLQWHWL]DURQ QDQRSDUWtFXODV GH VtOLFH FRQ XQ
GLiPHWURPHGLRGHQPTXHFRQWHQtDQHQVXLQWHULRUXQGHULYDGRGHOD
IOXRUHVFHtQDVLODQL]DGDTXHDFWXDEDFRPRTXLPLRVHQVRU\XQGHULYDGRGH





YDULDFLRQHV GH OD LQWHQVLGDG GH IOXRUHVFHQFLD GH OD IOXRUHVFHtQD \ GHO
FRPSOHMRGHUXWHQLRSDUDODVPXHVWUDVGHUHIHUHQFLD\SDUDODVPXHVWUDVD
ODVTXHVHKDDxDGLGRGLIHUHQWHVFDQWLGDGHVGHGURJDPXHVWUDQFRPR OD
FORURTXLQRQD HVWLPXOD FDPELRV HQ HO S+ OLVRVRPDO TXH SXHGHQ VHU
GHWHFWDGRVFRQXQDJUDQVHQVLELOLGDGPHGLDQWHHVWHPpWRGR/RVUHVXOWDGRV
REWHQLGRV SDUD ODV FpOXODV +HOD GHPXHVWUDQ TXH PHGLDQWH HVWH VLVWHPD
KtEULGR HV SRVLEOH GHWHFWDU OD DFLGLILFDFLyQ LQWUDFHOXODU HQ FpOXODV











TXLHUH LQFOXLU OD IDPLOLD GH PDWHULDOHV GLVHxDGRV FRQ XQD DUTXLWHFWXUD
Q~FOHRHQYROWXUD core-shell (VWH WLSR GH PDWHULDOHV FRQVLVWHQ HQ XQ






JUDQ GHVDUUROOR HQ OD LQYHVWLJDFLyQ GH OD VtQWHVLV GH QDQRSDUWtFXODV





PXOWLFDSD GH GLIHUHQWHV PDWHULDOHV SHUR WDQWR OD GLVSRVLFLyQ FRPR OD
QDWXUDOH]DGHHVWRVGHSHQGHQHQJUDQPHGLGDGHODDSOLFDFLyQILQDO(QOD
ILJXUDVHSXHGHYHUHOHVTXHPDGHGLIHUHQWHVWLSRVGHQDQRSDUWtFXODV
HVIpULFDV D KH[DJRQDOHV E Q~FOHRV QDQRSDUWLFXODGRV FRQ XQD ~QLFD








/D HOHFFLyQ GHO PDWHULDO TXH FRPSRQH OD HQYROWXUD HV GH JUDQ
LPSRUWDQFLDGHELGRDODSRVLELOLGDGGHPRGLILFDFLyQGHODVXSHUILFLH\SRU
WDQWR OD DPSOLDFLyQGH OD IXQFLRQDOLGDG OD HVWDELOLGDG OD GLVSHUVLyQ HQ
GLVROXFLyQHWFGHOPDWHULDO ILQDO(QHVWH VHQWLGRXQRGH ORVPDWHULDOHV
Capítulo 1. 






OD LPSRUWDQFLD TXH WLHQHQ ODV LQWHUDFFLRQHV VXSUDPROHFXODUHV HQ HO
UHFRQRFLPLHQWRGHVXVWUDWRVGHGLIHUHQWHQDWXUDOH]D$GHPiV\DYDQ]DQGR
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DFWLYDFLyQ WpUPLFD GH HVWH HVWDGR HUD OD FDXVD GH OD DSDULFLyQ GH XQD
IOXRUHVFHQFLDWDUGtD>3HUULQ)$QQ3K\V@6yORSDVDURQXQRV
DxRV KDVWD TXH HQ  $OH[DQGHU -DEORQVNL SODQWHy HO SURFHVR GH
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HPLVLyQ GH IOXRUHVFHQFLD UHVSHFWR DO UHFHSWRU OLEUH +D\ TXH WHQHU HQ
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/RV y[LGRV PHWiOLFRV GH WDPDxR QDQRPpWULFR KDQ VLGR
DPSOLDPHQWHHVWXGLDGRVGHELGRDVXHOHYDGDiUHDVXSHUILFLDOVXSRURVLGDG
\VXHPSOHRHQHOiUHDGHODFDWiOLVLV/DVSURSLHGDGHVGHHVWRVPDWHULDOHV
VHSXHGHQFRQWURODUD WUDYpVGH ODHVWUXFWXUDFULVWDOLQD IRUPD WDPDxR\










WDPDxR \ OD IRUPD GH ODV FDUDV FULVWDOLQDV H[SXHVWDV/DV SURSLHGDGHV
ySWLFDVGHXQPDWHULDOGHSHQGHQHQJUDQPHGLGDGHOWDPDxRGHSDUWtFXOD
\D TXH ODV YDULDFLRQHV HQ HO WDPDxR JRELHUQDQ OD HQHUJtD HOHFWUyQLFD
LQWHUEDQGD R HO FRQILQDPLHQWR GHO IRQyQ  2WUR HMHPSOR HQ HO TXH HO
WDPDxR OD IRUPD \ ORV HIHFWRV GH VXSHUILFLH FRQGLFLRQDQ HO XVR GH ODV
QDQRSDUWtFXODVHQXQDDSOLFDFLyQHVSHFtILFDHVHOFDVRGHPDWHULDOHVFRQ
Características estructurales y microestructurales de la bohemita. 
Ͳ
SURSLHGDGHV PDJQpWLFDV \D TXH HVWRV SDUiPHWURV LQIOX\HQ WDQWR HQ OD
UHODMDFLyQVXSHUSDUDPDJQpWLFDFRPRHQODFRHUFLWLYLGDG<SRU~OWLPRHO
FRPSRUWDPLHQWR GH FULVWDOHV OtTXLGRV IRUPDGRV D SDUWLU GH GLVSHUVLRQHV




FULVWDOLQD GH FRPSXHVWRV SROLPyUILFRV R HO WDPDxR \ OD IRUPD GH
FRPSXHVWRVFRPRHOy[LGRGHDOXPLQLRGHKLHUURRGHWLWDQLRHVPX\~WLO
UHFXUULUDODTXtPLFDDFXRVDGHPHWDOHVFDWLyQLFRV
/RV SDUiPHWURV SULQFLSDOHV TXH FRQWURODQ OD VtQWHVLV GH HVWRV
VLVWHPDV VRQ OD DFLGH] GH OD GLVROXFLyQ  OD SUHVHQFLD GH DQLRQHV
HVSHFtILFRV \ OD WHPSHUDWXUD/D DFLGH] \ OD WHPSHUDWXUD FRQWURODQ OD
KLGUyOLVLVGHORVFRPSOHMRVPHWiOLFRVKDFLD ODIRUPDFLyQGH ORVVyOLGRV
VLQ HPEDUJR OD SUHVHQFLD GH GHWHUPLQDGRV FRQWUDLRQHV MXHJDQ XQ SDSHO
PX\LPSRUWDQWHHQODIRUPD\HOWDPDxRILQDOGHORVy[LGRV
8QDYH]TXHODVQDQRSDUWtFXODVVHKDQIRUPDGR\VHHQFXHQWUDQHQ
VXVSHQVLyQ SXHGHQ VXIULU FDPELRV HVSRQWiQHRV HQ VX HVWUXFWXUD
PRUIRORJtD\SXHGHQDXPHQWDUGHWDPDxRFRQHOWLHPSRVHJ~QHOSULQFLSLR
GHPDGXUDFLyQGH2VWZDOGILJXUD(VWRVHGHEHDTXHODVSDUWtFXODVVH
IRUPDQ HQ XQ SULPHU PRPHQWR EDMR FRQWURO FLQpWLFR QXFOHDFLyQ \
FUHFLPLHQWRPD\RUFDQWLGDGGHSDUWtFXODVSHTXHxDVPLHQWUDVTXHFRQ
HO SDVR GHO WLHPSR \ SDUD DOFDQ]DU XQ HVWDGR WHUPRGLQiPLFDPHQWHPiV
HVWDEOH VH SURGXFH XQD GLVROXFLyQFULVWDOL]DFLyQ ODV SDUWtFXODV PiV
SHTXHxDVVHUHGLVXHOYHQPLHQWUDVTXHHOUHVWRDXPHQWDQGHWDPDxR(VWR










FDUJD HOHFWURVWiWLFD HQ OD VXSHUILFLH HV OR VXILFLHQWHPHQWH HOHYDGD&RQ
HOORVHLPSLGHODPDGXUDFLyQGHODVSDUWtFXODV\HOWDPDxRVHFRQWURODFRQ
HOS+GHOPHGLR/DHVWUHFKDFRUUHODFLyQHQWUHHOWDPDxRGHSDUWtFXOD\OD
GHQVLGDG GH FDUJD HOHFWURVWiWLFD VXSHUILFLDO OOHYD D XQ FRQWURO
WHUPRGLQiPLFRDQWHVTXHFLQpWLFRFRPRHQODVPLFURHPXOVLRQHV\TXH
VH KD DVRFLDGR FRQ OD GLVPLQXFLyQ GH OD WHQVLyQ LQWHUIDFLDO y[LGR
GLVROXFLyQ 7RGR HO SURFHVR GH REWHQFLyQ GH QDQRSDUWtFXODV TXHGD
HVTXHPDWL]DGRHQODILJXUD










FRVWH TXH VH HPSOHD HQ GLIHUHQWHV FDPSRV FRPR OD FDWiOLVLV FHUiPLFD
HOHFWUyQLFDELRPHGLFLQDHWF6LQHPEDUJRSRUVtPLVPDODERKHPLWDHV










GLIHUHQWHV OD IRUPDSXUDPHQWHFULVWDOLQD OODPDGDERKHPLWD\ OD OODPDGD
SVHXGRERKHPLWDRWDPELpQFRQRFLGDFRPRERKHPLWDJHODWLQRVDFRQXQD
PRUIRORJtD SRURVLGDG \ iUHD VXSHUILFLDO GLIHUHQWH D OD SULPHUD 6LQ











VtQWHVLV XWLOL]DGDV (Q EDVH D VXV WUDEDMRV VH FRQRFH TXH HQ XQ SULPHU
Características estructurales y microestructurales de la bohemita. 
Ͳ
PRPHQWR VH REWLHQH ODV ³SUHSDUWtFXODV´ GH ERKHPLWD SDUWtFXODV
SULPDULDVTXHFRQVLVWHQHQDJORPHUDFLRQHVGHFULVWDOLWRVDJUHJDGRV&DEH
GLIHUHQFLDUHQHVWHPRPHQWRTXHODDJUHJDFLyQVHFRQVLGHUDXQIHQyPHQR
LUUHYHUVLEOH UHVXOWDGR GH XQD XQLyQ R XQ HQODFH HQWUH ORV FULVWDOLWRV
PLHQWUDVTXHSRUHOFRQWUDULRODDJORPHUDFLyQHVXQIHQyPHQRUHYHUVLEOH









JUDQ FDQWLGDG GH HVWXGLRV EDVDGRV HQ HO FDPELR GH ODV SURSLHGDGHV
HVWUXFWXUDOHV GH ODERKHPLWD VHJ~QHO WLSRGH iFLGRR OD UHODFLyQPRODU
2++$OHPSOHDGDHQODSHSWL]DFLyQSDUDREWHQHUVROXFLRQHVPHWDHVWDEOHV
RSDVWDVKRPRJpQHDVF'HQWURGHORVHVWXGLRVUHDOL]DGRVHVLQWHUHVDQWH
GHVWDFDU HO OOHYDGRD FDERSRU<ROGDVHQ HO TXHPXHVWUD FyPRHO iUHD
VXSHUILFLDOHVSHFtILFDVHYHDIHFWDGDSRUODFDQWLGDGGHiFLGRXVDGRHQOD
HWDSDGHSHSWL]DFLyQ(QHVWHVHQWLGR<ROGDVSURSRQHTXHKD\XQDFDQWLGDG
GH iFLGR Pi[LPD SDUD SHSWL]DU ORV JUXSRV KLGUR[LOR \ REWHQHU XQD
GLVROXFLyQ FRORLGDO WUDQVSDUHQWH SRU HQFLPD GH OD FXDO VH DXPHQWDQ GH
PDQHUD FRQVLGHUDEOH ODV IXHU]DV GH UHSXOVLyQ HQWUH ODV SDUWtFXODV

















/RV RFWDHGURV IRUPDQ FDSDV GREOHV SHUSHQGLFXODUHV DO HMH E TXH
LQWHUDFFLRQDQHQWUHHOORVDWUDYpVGHHQODFHVGHKLGUyJHQR2+«2(VWHWLSR
GH HQODFH WLHQH HQHUJtDV WtSLFDV GH  N-PRO  TXH VH GHVWUX\HQ D
WHPSHUDWXUDV HQWUH  \ & FXDQGR OD ERKHPLWD VH WUDQVIRUPD HQ
Ȗ$O2 TXH HV OD SULPHUD GH ODV GHQRPLQDGDV DOXPLQDV WUDQVLFLRQDOHV
,QIRUPDFLyQ PiV GHWDOODGD ORQJLWXGHV GH HQODFH FRYDOHQWH 2+ \
HOHFWURVWiWLFR2+«2VREUHHVWHHQODFHVHSXHGHHQFRQWUDUHQDUWtFXORV
Características estructurales y microestructurales de la bohemita. 
Ͳ
HQ ORV TXH VH OOHYDQ D FDER H[SHULPHQWRV GH GLIUDFFLyQ GH QHXWURQHV


















GH R[tJHQR GHO JUXSR KLGUR[LOR VyOR VH HQFXHQWUD FRPSDUWLGR SRU GRV
RFWDHGURV(VWDGLVWULEXFLyQUHYHODTXHODVLQWHUDFFLRQHVDORODUJRGHOSODQR
a-cGHELGDVDODLQWHUDFFLyQHQWUHiWRPRVGHR[tJHQRFRPSDUWLGRVSRU
RFWDHGURV \ ORV iWRPRV GH DOXPLQLR VRQPiV IXHUWHV TXH OD LQWHUDFFLyQ
HQWUHGRVRFWDHGURVGH ODGREOH FDSD ORTXH ILQDOPHQWH IDYRUHFHTXHHO
FUHFLPLHQWR GHO FULVWDO VH SURGX]FD D OR ODUJR GH ORV SODQRV \ QR
SHUSHQGLFXODUHV D HOORV  'HELGR D HVWR OD VXSHUILFLH GHO FULVWDO VH
HQFXHQWUD WRWDOPHQWH FXELHUWD GH JUXSRV KLGUR[LOR XQLGRV D iWRPRV GH
DOXPLQLR /RV iWRPRV GH R[tJHQR SHUWHQHFLHQWHV D ORV JUXSRV KLGUR[LOR
WLHQHQ XQ RUELWDO OLEUH UHVSRQVDEOH GH ORV HQODFHV GH KLGUyJHQR TXH
PDQWLHQHQXQLGDVODVGREOHVFDSDVGHRFWDHGURVFXDQGRHOFULVWDOFUHFH6L
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Ͳ
HO FULVWDO QR FRQWLQ~D FUHFLHQGR ORV JUXSRV KLGUR[LOR VH TXHGDQ HQ OD






















WDQWR OD WHPSHUDWXUD FRPR OD YHORFLGDG GH FDOHQWDPLHQWR DVt FRPR OD
SUHVLyQGHOYDSRU
3UHFLSLWDFLyQHQGLVROXFLyQDFXRVDDSDUWLUGHGLVROXFLRQHViFLGDVR
EiVLFDV GH DOXPLQLR FRQWURODQGR HO SURFHVR SRU PHGLR GH UHDFWLYRV
EiVLFRV    1D2+ 1+ 1D&2 R iFLGRV  &2 +&O +12 OD
YHORFLGDG GH DGLFLyQ OD WHPSHUDWXUD HO S+ ILQDO \ HO WLHPSR GH
UHDFFLyQ
Características estructurales y microestructurales de la bohemita. 
Ͳ
 3URFHGLPLHQWR VROJHO JHQHUDOPHQWH D SDUWLU GH DOFRKRODWRV GH
DOXPLQLR FRQ OD SRVLELOLGDG GH REWHQHU WDQWR [HURJHOHV       FRPR
DHURJHOHV
'DGR TXH ODV GRV ~OWLPDV YtDV VRQ ODV PiV XVXDOHV HQ HO FDPSR GH OD
LQYHVWLJDFLyQVHYDDSURFHGHUDSURIXQGL]DUXQSRFRPiVHQHOODV
/DV GLVROXFLRQHV GH ERKHPLWD SXHGHQ SUHSDUDUVH FRPR VH KD
FRPHQWDGR DQWHULRUPHQWH D WUDYpV GH OD KLGUyOLVLV GH DOFy[LGRV GH
DOXPLQLRGHODKLGUyOLVLVIRU]DGDGHYDULDVVDOHVGHDOXPLQLRRPHGLDQWHOD









OD REWHQFLyQ GH XQ y[LGR GH DOXPLQLR DPRUIR TXH HYROXFLRQD KDFLD OD
FULVWDOL]DFLyQGHERKHPLWD
7DPELpQ VH KD HVWXGLDGR OD SUHSDUDFLyQ GH XQD GLVSHUVLyQ GH












+&O+12R+&O2YDUtD HQWUH\PROHV GH iFLGRSRUPROGH
KLGUy[LGR3DUHFHVHUTXHKD\GRVUHTXLVLWRVSULQFLSDOHVTXHGHEHFXPSOLU
HOiFLGRXWLOL]DGRHQ ODSHSWL]DFLyQ3RUXQDSDUWHHODQLyQGHOiFLGROD
EDVH FRQMXJDGD GHO iFLGR QR GHEH FRPSOHMDUVH FRQ ORV LRQHV DOXPLQLR




SUHVLRQHVDOWDV OD IDYRUHFHQPLHQWUDVTXHHQ ORVFDVRVHQ ORVTXHVHKD
XWLOL]DGRWHPSHUDWXUDVGHUHDFFLyQSRUGHEDMRGHORV&ODYHORFLGDGGH
SHSWL]DFLyQGLVPLQX\HGHPDQHUDGUiVWLFD
0LORQMLF et al KDQ GHVFULWR OD SUHSDUDFLyQ GH GLVROXFLRQHV GH
ERKHPLWD GH GLIHUHQWHV IRUPDV \ WDPDxRV GH SDUWtFXOD PHGLDQWH OD
SHSWL]DFLyQKLGURWHUPDOGHSUHFLSLWDGRVGHKLGUy[LGRGHDOXPLQLR(VWRV
DXWRUHV REWXYLHURQSDUWtFXODV HVIpULFDV GH ERKHPLWD DO SHSWL]DU$O2+
FRQ+12D&PLHQWUDVTXHDOYDULDUODWHPSHUDWXUDGHUHDFFLyQD
 R  & REWXYLHURQ SDUWtFXODV KH[DJRQDOHV R ILEULODUHV
UHVSHFWLYDPHQWH3RURWUDSDUWH ORVPLVPRVDXWRUHVHVWXGLDURQHOHIHFWR
TXHWHQtDODSUHVHQFLDGHGLIHUHQWHVDQLRQHVHQODGLVROXFLyQHQODIRUPD\
HO WDPDxR ILQDO GH ODV SDUWtFXODV GH ERKHPLWD2EVHUYDURQ HO GLIHUHQWH
JUDGR GH HVWDELOLGDG GH ODV GLVROXFLRQHV FRORLGDOHV HQ SUHVHQFLD GH
GLIHUHQWHV DQLRQHV 12 &O , 62 \ >)H&1@ \ FyPR OD
FRQFHQWUDFLyQFUtWLFDGHDQLyQDODFXDOVHSURGXFHODFRDJXODFLyQGHODV
SDUWtFXODVGLVPLQX\HDODXPHQWDUHOS+GHODGLVROXFLyQ
Características estructurales y microestructurales de la bohemita. 
Ͳ
3RURWURODGR*LHVHOPDQQ\$QGHUVRQKDQLQYHVWLJDGRHOHIHFWRGH
OD IXHU]D LyQLFDHQ OD IRUPDFLyQGHOJHOGHERKHPLWD\KDQHQFRQWUDGR




UHODFLyQ DOFy[LGRiFLGR HQ OD IRUPD \ ORQJLWXG ILQDOHV GH ODV ILEUDV GH
ERKHPLWD  &RQWURODQGR ODV FDQWLGDGHV GH HVWRV GRV UHDFWLYRV IXHURQ
FDSDFHVGHVLQWHWL]DUILEUDVFRQXQDORQJLWXGHQWUH\QP
(QODSUHVHQWHWHVLVGRFWRUDOVHKDGHFLGLGRXWLOL]DUXQSURFHGLPLHQWR
VLQWpWLFR GHULYDGR GHO WUDEDMR GH <ROGDV et al HQ OD SUHSDUDFLyQ GH






KtEULGR HV UHFRPHQGDEOH TXH VHD ³LQHUWH´ GHVGH XQ SXQWR GH YLVWD
IRWRTXtPLFRVLQHPEDUJRVHGHEHQWHQHUHQFXHQWDRWUDVFDUDFWHUtVWLFDVR
SURSLHGDGHV \D TXH FRPR VH KD LQWHQWDGR PRVWUDU DQWHULRUPHQWH FDGD
DUTXLWHFWXUDSUHVHQWDYHQWDMDVH LQFRQYHQLHQWHVVHJ~Q ODDSOLFDFLyQ ILQDO
GHOVLVWHPD
(O DQiOLVLV GH ORV UHVXOWDGRV SUHYLRV REWHQLGRV FRQ GLIHUHQWHV
R[RKLGUy[LGRVPHWiOLFRVQRVOOHYyDVHOHFFLRQDUODIRUPDFULVWDOLQDJGHO
R[RKLGUy[LGR GH DOXPLQR ERKHPLWD SDUD UHDOL]DU OD SUHVHQWH WHVLV
Capítulo 2. 

GRFWRUDO \D TXH HVWH PDWHULDO FXPSOH ORV UHTXLVLWRV QHFHVDULRV \ PiV















GH ODVQDQRSDUWtFXODVGHERKHPLWD'HVGH HVWHSXQWRGHYLVWD ORV4'¶V
SUHVHQWDQFODUDVGHVYHQWDMDVGHELGRDVXVHOHPHQWRVFRQVWLWX\HQWHVQRFLYRV
FRPRVRQHOFDGPLR\HOVHOHQLR4XL]iRWURDVSHFWRUHODFLRQDGRFRQHVWH
SXQWR VHD OD SRVLELOLGDG GH ³VROXELOL]DU´PROpFXODVPX\ KLGUyIREDV HQ
PHGLRDFXRVR




HO REMHWLYR GH REWHQHU XQD SDUWtFXOD DOWDPHQWH OXPLQLVFHQWH SXHGH VHU




 8QD YH] TXH VH KDQ GHVFULWR ODV YHQWDMDV GHO XVR GH
QDQRSDUWtFXODVGHERKHPLWDHVLPSRUWDQWHDQDOL]DUODVYtDVGHVtQWHVLV\D
TXH DXQTXH H[LVWHQ YDULDV PHWRGRORJtDV WRGDV HOODV FRPSDUWHQ FLHUWDV
FDUDFWHUtVWLFDV XVXDOPHQWH QR VH UHTXLHUH UHDFWLYRV FDURV FRQGLFLRQHV
H[WUHPDV \ VRQ UHDFFLRQHV UHODWLYDPHQWH VLPSOHV TXH QR VXSRQHQ
SURFHGLPLHQWRVGHVHSDUDFLyQFRPSOLFDGRV(VPiV ODYHUVDWLOLGDGGHOD
VtQWHVLV SHUPLWH HO GLVHxR GH SDUWtFXODV OXPLQLVFHQWHV FRQ SURSLHGDGHV
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F
9 ( +HQULFK 3 $ &R[ The Surface Chemistry of Metal Oxides; 









fabrication based on metal oxides nanomaterials 1RYD 6FLHQFH
3XEOLVKHUV,QF
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2YHUEHHN )DUDGD\ 'LVFXVV &KHP 6RF 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 5 $YH\DUG
&KHP,QG








>  @ 9 9DWDQSRXU 6 6 0DGDHQL / 5DMDEL 6 =LQDGLQL $ $
'HUDNKVKDQ-0HPEUDQH6FL
>  @ D $ - 'RZQV Chemistry of Aluminium, Gallium, Indium and 
Thallium %ODFNLH $FDGHPLF DQG 3URIHVVLRQDO /RQGRQ  E *
6SRVLWRThe Environmental Chemistry of Aluminum/HZLV%RFD5DWRQ
F'-&KDGZLFN-:KHODQAluminum in Biology and Medicine
:LOH\,QWHUVFLHQFH &KLFKHVWHU  G - 7 .ORSURJJH - 3RURXV
0DWHULDOVH&-%ULQNHU*:6FKHUHUSol-Gel Science: the 
Physics and Chemistry of Sol-Gel Processing$FDGHPLF3UHVV1HZ<RUN











%HOWUDQ - 6ROLG 6WDWH &KHP    H $ ( *RELFKRQ %
5HERXUV3(X]HQ0DWHU6FL)RUXP



































>  @ ; %RNKLPL - $ 7ROHGR$QWRQLR 0 / *X]PDQ&DVWLOOR )
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>@;%RNKLPL -6DQFKH]9DOHQWH)3HGUD]D - 6ROLG6WDWH&KHP
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PDWHULDOHV QDQRHVWUXFWXUDGRV \ PiV FRQFUHWDPHQWH HQ VRSRUWHV














ODQDQRSDUWtFXOD FRQJUXSRV VLODQR VHYDPRGLILFDU OD VXSHUILFLHGH ODV
QDQRSDUWtFXODVFRQSROLDPLQDVGHFDGHQDDELHUWDPRGLILFDGDVFRQXQLGDGHV








2%-(7,92  )XQFLRQDOL]DFLyQ GH QDQRSDUWtFXODV GH ERKHPLWD
SDUDVXHYDOXDFLyQFRPRDJHQWHVGHFRQWUDVWH\VRQGDVOXPLQLVFHQWHV
/RV LRQHV ODQWiQLGRVSRVHHQSURSLHGDGHV IRWRItVLFDV\PDJQpWLFDV
PX\ LQWHUHVDQWHV TXH ORV FRQYLHUWHQ HQ EXHQRV FDQGLGDWRV SDUD HO
GHVDUUROORGHVRQGDVOXPLQLVFHQWHV\DJHQWHVGHFRQWUDVWHGHLPDJHQ3RU
HOOR VH YD D H[SORWDU GH QXHYR OD UHDFWLYLGDG TXH RIUHFHQ ORV JUXSRV
KLGUR[LORHQODVXSHUILFLHGHODQDQRSDUWtFXODVSDUDDQFODUHQVXVXSHUILFLH
GRV OLJDQGRV FDSDFHV GH IRUPDU FRPSOHMRV HVWDEOHV FRQ WUHV FDWLRQHV
ODQWiQLGRV(X,,,7E,,,\*G,,,
6H YDQ DPRGLILFDU TXtPLFDPHQWH ODVPROpFXODV RUJiQLFDV'73$
iFLGRGLHWLOHQWULDPLQRSHQWDDFpWLFRGLDQKtGULGR\'27$iFLGR
WHWUDD]DFLFORGRGHFDQRWHWUDDFpWLFR SDUD SRGHU DQFODUODV D OD
VXSHUILFLHGHODVQDQRSDUWtFXODVGHERKHPLWD
/RVFRPSOHMRVGHORVVLVWHPDVKtEULGRVREWHQLGRVVHYDQDHVWXGLDU
SRU GLIHUHQWHV WpFQLFDV FRPR DJHQWHV GH FRQWUDVWH GH LPDJHQ \ VRQGDV
OXPLQLVFHQWHV




FRQ GLIHUHQWHV PROpFXODV RUJiQLFDV FX\D HVWUXFWXUD FRQWLHQH JUXSRV
HVFXDUDPLGD\DPLQDVFXDWHUQL]DGDV
6HYDDHYDOXDUODFDSDFLGDGGHORVVLVWHPDVKtEULGRVREWHQLGRVSDUD











HVWXGLDU ODVPROpFXODV RUJiQLFDV OLEUHV$GHPiV VH YDQ D VLQWHWL]DU ODV
PROpFXODVRUJiQLFDVGHPDQHUDTXHVHYDUtHODGLVWDQFLDHQWUHHOIOXRUyIRUR







































$GYDQFH '3;  0+] DQG %UXNHU $GYDQFH '3;  0+]
VSHFWURPHWHUVORFDWHGLQWKH&HQWUDO6HUYLFHIRU([SHULPHQWDO5HVHDUFKDW
WKH 8QLYHULW\ RI 9DOHQFLD 6&6,( 89 RSHUDWLQJ DW 0+] DQG
 0+] IRU + DQG DW  0+] DQG  0+] IRU &









6L 105 VWXGLHV ZHUH FDUULHG RXW RQ D 9DULDQ 81,7< 
VSHFWURPHWHU DW D UHVRQDQFH IUHTXHQF\ RI 0+] 7KH0$6105
VSHFWUDZHUHUHFRUGHGZLWKDPP]LUFRQLXPR[LGHURWRUVSLQQLQJDW
N+]$VLQJOHSXOVHZDVXVHGZLWKDQDFTXLVLWLRQWLPHRI±V
DQGDGHOD\ WLPHRI±V&KHPLFDO VKLIWVZHUHPHDVXUHG UHODWLYH WR
WHWUDPHWK\OVLODQH706











ZLWK DQ ($ &+162 &DUOR(OED HTXLSPHQW 6&6,( 89 7KH





LQ DQ(648,5(3/86 ,RQ7UDSPDVV VSHFWURPHWHU 6&6,(89











3RZGHUHG VDPSOHVZHUH VSUD\HGRQJODVV VDPSOHKROGHUV DQG WKH
GDWDFROOHFWHGLQ%UDJJ±%UHQWDQRJHRPHWU\$UHIHUHQFHSDWWHUQXVHGIRU
HYDOXDWLQJ LQVWUXPHQWDO ;5' OLQH EURDGHQLQJ ZDV UHFRUGHG IURP
ODQWKDQXPKH[DERULGH1,67VWDQGDUGUHIHUHQFHPDWHULDOD











7KH PRUSKRORJ\ RI DVSUHSDUHG DQG VHQVRUFRQWDLQLQJ ERHKPLWH
SDUWLFOHVZDVH[DPLQHGXVLQJD-HROWUDQVPLVVLRQHOHFWURQPLFURVFRSH
DWDQDFFHOHUDWLQJYROWDJHRIN96&6,(89








DQ HQHUJ\ GLVSHUVLYH ;UD\ ('; VSHFWURPHWHU DWWDFKHG WR D KLJK
UHVROXWLRQVFDQQLQJHOHFWURQPLFURVFRSH7KH(';VSHFWUDRIWKHWZRW\SHV




 .D .ȕ .DE /D /ȕ /ȕ 0
&       
2       
6L       
$O       
(X       
*G       
7E       

7KHUPDODQDO\VLV


















:LOKHOP EULGJH ILOOHGZLWK 01D&OZDV XVHG WR VHSDUDWH WKH JODVV
HOHFWURGH&ULVRQ$J$J&ODQGWKHUHIHUHQFHHOHFWURGH&ULVRQ
$J$J&OLQ01D&OVROXWLRQ
3RWHQWLRPHWULF WLWUDWLRQV ZHUH FDUULHG RXW DW  . XVLQJ
1D&O0DVVXSSRUWLQJHOHFWURO\WHDQGXQGHU$UDWPRVSKHUH7KHS+
UDQJH LQYHVWLJDWHG ZDV  DQG WKH FRUUHVSRQGLQJ LRQ DQG OLJDQG
FRQFHQWUDWLRQVUDQJHGIURP[WR[0
7KH+<3(548$'SURJUDPZDVXVHGWRILWWKHSURWRQDWLRQDQG
VWDELOLW\ FRQVWDQWV 7KH GLIIHUHQW WLWUDWLRQ FXUYHV IRU HDFK V\VWHPZHUH
WUHDWHG DV VHSDUDWHG FXUYHV :KHQ PRUH WKDQ RQH PRGHO ILWV WKH
H[SHULPHQWDO GDWD WKH PRVW UHOLDEOH FKHPLFDO PRGHO ZDV FKRVHQ E\
SHUIRUPLQJF WHVWVDWWKHFRQILGHQFHOHYHO)LQDOO\WKHVHWVRIGDWD
ZHUHPHUJHGWRJHWKHUDQGWUHDWHGVLPXOWDQHRXVO\WRJLYHWKHILQDOVWDELOLW\
FRQVWDQWV 7KH +<66 SURJUDPPH ZDV XVHG WR SORW WKH GLVWULEXWLRQ
GLDJUDPVRIVSHFLHV

Material and methods. 
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6WHDG\VWDWHIOXRUHVFHQFH




$OO WKH VDPSOHV ZHUH PHDVXUHG XQGHU WKH VDPH FRQGLWLRQV
2'H[FLWDWLRQZDYHOHQJWK LQDTXHRXVVROXWLRQXVLQJFPîFPSDWKOHQJWK
TXDUW]FXYHWWHVDW.LQSXUHZDWHU$GMXVWPHQWVWRWKHGHVLUHG










0HDVXUHPHQWV ZHUH PDGH ZLWK D 7LPH 0DVWHU IOXRUHVFHQFH OLIHWLPH
VSHFWURPHWHU 70 IURP 37, 6DPSOH H[FLWDWLRQZDV DIIRUGHG E\
37,¶V RZQ */ QLWURJHQ ODVHU 7KH NLQHWLF WUDFHV ZHUH ILWWHG E\




























Material and methods. 
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7KH VHQVLWLYLW\ RI WKH OLJDQG FDQ EH XQGHUVWDQG DV WKH VORSH
REWDLQHGE\WKHILWWLQJRIWKHPD[LPXPH[SHULPHQWDOHPLVVLRQLQWHQVLWLHV
RIIOXRUHVFHQFHversusWKHVXEVWUDWH¶VFRQFHQWUDWLRQDGGHGWRWKHVROXWLRQ
8VLQJ WKHVH WZR SDUDPHWHUV WKH GHWHFWLRQ OLPLW FDQ WKHQ EH
FDOFXODWHGDVIROORZ







ZDWHU %URPRFUHVRO JUHHQ [0ZDV SUHSDUHG LQ D+$F1D$F
Capítulo 4. 

EXIIHU  0 7KHVH FRQGLWLRQV ZHUH XVHG IRU WKH WLWUDWLRQV RI DOO
V\VWHPV DQG DOVR IRU WKH LQGLFDWRU GLVSODFHPHQW DVVD\V ,'$ ZLWK WKH
DQLRQV7KHVROXWLRQZDVEXIIHUHGDWS+ZLWKD+$F1D$FEXIIHU7KLV


























(X,,, FRPSOH[ DQG 7E,,, FRPSOH[ ZDV FDOFXODWHG EDVHG RQ WKHLU
OXPLQHVFHQFHOLIHWLPHLQ+2DQG'2IURPWKHIROORZLQJWZRHTXDWLRQV
ݍா௨ሺூூூሻ ൌ ଵଶ ሾ൬
ଵ
ఛಹమೀ
െ ଵఛವమೀ൰ െ ͲǤʹͷሿ     
ݍ்௕ሺூூூሻ ൌ ͷሾ൬ ଵఛಹమೀ െ
ଵ
ఛವమೀ





7KH PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D ZKROH ERG\  7 *(
([FLWH05VFDQQHU0+]º&,QYHUVLRQ±UHFRYHU\VSLQHFKRSXOVH






T 3URILOHV RI WKH*G,,, FRPSOH[HVZHUH UHFRUGHG RQ D 6WHODU
60$5WUDFHU))&IDVWILHOGF\FOLQJUHOD[RPHWHUFRYHULQJPDJQHWLFILHOGV
IURP [ 7 WR  7 ZKLFK FRUUHVSRQG WR D SURWRQ /DUPRU
Capítulo 4. 

IUHTXHQF\ UDQJH RI ± 0+] 7KH UHOD[LYLW\ DW KLJKHU ILHOGV ZDV
UHFRUGHGXVLQJD%UXNHU:3DGDSWHGWRYDULDEOHILHOGPHDVXUHPHQWVDQG





[DQWKDQ JXP P0*G,,, S+  LQ 0+(3(6 EXIIHU )RU
*G'73$±ERHKPLWHZHDOVRPHDVXUHGUHOD[LYLWLHVLQDTXHRXVVXVSHQVLRQ








7KH PHDVXUHPHQWV ZHUH FDUULHG RXW RQ D %UXNHU $YDQFH 
VSHFWURPHWHU LQ DTXHRXV VROXWLRQVRI WKH*G,,, FRPSOH[HV7KH\ZHUH
UHIHUHQFHG WR D VROXWLRQ FRQWDLQLQJ WKH VDPH QDQRSDUWLFOH DW LGHQWLFDO
FRQFHQWUDWLRQ DQG S+ ZKHUH WKH *G,,, LRQV ZHUH UHSODFHG E\ WKH
GLDPDJQHWLF<,,,7UDQVYHUVH2UHOD[DWLRQWLPHVTZHUHREWDLQHGE\




Material and methods. 








'0(0 6LJPD&KHPLFDO &R 6W /RXLV02 VXSSOHPHQWHGZLWK 
IHWDOERYLQHVHUXP/LQXV6SDLQJ/JOXFRVH/JOXWDPLQH8P/
SHQLFLOOLQVWUHSWRP\FLQ DQG  P0 +HSHV %LRZKLWDNHU :DONHUVYLOOH
0' :KHQ UHDFKHG FRQIOXHQFH PRQROD\HUV ZHUH LQFXEDWHG ZLWK D
VXVSHQVLRQRIIUHVKPHGLXPFRQWDLQLQJȝ0RIHXURSLXPRUWHUELXP
SDUWLFOHVIRUKRXUV7KHQFRYHUVOLSVZHUHH[WHQVLYHO\ZDVKHGDQGIL[HG
ZLWK  SDUDIRUPDOGHK\GH LQ 3%6 ,PPXQRIOXRUHVFHQFH VWDLQLQJ ZDV
SHUIRUPHG DV SUHYLRXVO\ GHVFULEHG$QWL&' +3 D FHOOVXUIDFH
JO\FRSURWHLQ LQYROYHG LQ FHOOFHOO LQWHUDFWLRQV FHOO DGKHVLRQ DQG
PLJUDWLRQ JHQHUDWHG LQ RXU ODERUDWRU\ DW &1,& ZDV XVHG DV SULPDU\
DQWLERG\ *RDW DQWLPRXVH $OH[D  0ROHFXODU 3UREHV ,QYLWURJHQ
&DUOVEDG&$ZDVHPSOR\HGDVVHFRQGDU\DQWLERG\1H[WVDPSOHVZHUH
PRXQWHGXVLQJ3URORQJ0ROHFXODU3UREHV6HULHVRIRSWLFDOVHFWLRQVZHUH
















)$&6&DQWR70 ,, %' %LRVFLHQFLHV &HOOV ZHUH VXEGLYLGHG LQ 
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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E:&+DPLOWRQStatistics in physical science. Estimation, 
hypothesis testing, and least square,1HZ<RUN5RQDOG3UHV















































,QD W\SLFDO VROJHOSURWRFRO ILJXUH WKHSURFHVVVWDUWVZLWKD
VROXWLRQ FRQVLVWLQJ RI PHWDO FRPSRXQGV VXFK DV D PHWDO DOFR[LGH
DFHW\ODFHWRQDWH FDUER[\ODWH RU D VROXEOH LQRUJDQLF VDOW DV WKH VRXUFH RI
FDWLRQV$GGLWLRQDOUHDFWDQWVFDQLQFOXGHZDWHUDVWKHK\GURO\WLFDJHQWDQ
DOFRKRO DV WKH VROYHQW DQG DQ DFLG RU D EDVH DV WKH FDWDO\VW 0HWDO
FRPSRXQGVXQGHUJRK\GURO\VLVDQGSRO\FRQGHQVDWLRQJLYLQJULVHWRDVRO
LQ ZKLFK SRO\PHUV RU FROORLGDO SDUWLFOHV DUH GLVSHUVHG ZLWKRXW
SUHFLSLWDWLRQ)XUWKHUUHDFWLRQFRQQHFWVWKHILQHSDUWLFOHVVROLGLI\LQJWKH
VRO LQWR DZHW JHOZKLFK VWLOO FRQWDLQVZDWHU DQG VROYHQWV5HPRYDO RI
VROYHQWVDQGZDWHUSURGXFHVDGU\JHO'HSHQGLQJRQWKHFKDUDFWHULVWLFVRI
WKH ILQDO SURGXFWZH DUH ORRNLQJ IRU LW FDQ EH QHFHVVDU\ WR DSSO\ KLJK






&ROORLGDO GLVSHUVLRQV RI ERHKPLWH SDUWLFOHV ZLWK D QDUURZ VL]H
GLVWULEXWLRQKDYHPDQ\DSSOLFDWLRQVLQDGVRUEHQWVFDWDO\VWVDQGDOXPLQD
SRZGHU SURGXFWLRQ SROOXWLRQ FRQWURO PLFURHOHFWURQLFV DQG VHSDUDWLRQ
WHFKQRORJ\7KHSRWHQWLDODSSOLFDWLRQRIERHKPLWHVROVLVLQSURGXFWLRQRI
PDWHULDOVZLWKHQKDQFHGSK\VLFDOSURSHUWLHVZKLFKFRXOGEHSURGXFHGDV








TXLFNO\ LQ RUGHU WR DYRLG WKH IRUPDWLRQ RI$O2+$IWHU WKH DONR[LGH
DGGLWLRQDQH[RWKHUPLFUHDFWLRQWRRNSODFHDQGDJHOZDVIRUPHGDOPRVW
LPPHGLDWHO\ 7KH PL[WXUH ZDV VWLUUHG YLJRURXVO\ IRU  K DQG WKH
WHPSHUDWXUH ZDV LQFUHDVHG XQWLO  & 7KH VHFRQG VWHS D SHSWL]DWLRQ







7KH FRPSRVLWLRQ WKH VL]H WKH VKDSH DQG WKH KRPRJHQHLW\ RI WKH
ILQDOQDQRSDUWLFOHVREWDLQHGZHUHFKDUDFWHUL]HGE\GLIIHUHQWWHFKQLTXHV
x Powder X-ray diffraction.7KHPDWHULDO SUHVHQWVSHDNV DW 
     DQG  YDOXHV RI T ZKLFK DUH





x Infrared spectra. 7KH VDPSOHV SUHVHQW D SHDN DW  FP WKDW
FRUUHVSRQGV ZLWK WKH K\GUDWLRQ ZDWHU RI WKH VDPSOH ILJXUH  $W
FP DQG FP DSSHDU WKH VWUHWFKLQJYLEUDWLRQV RI WKH$O2+
ERQGV7KHVHSHDNVDUHW\SLFDOO\RYHUODSSHGZLWKWKHSUHVHQFHRIZDWHULQ
WKHVDPSOH)RUWKHFKDUDFWHUL]DWLRQRIWKH$O2+ERQGVDEDQGSUHVHQWLQ
FP DQG FP UDQJH LV QHFHVVDU\ WKDW FRUUHVSRQGV WR WKH
Synthesis and characterization. 

EHQGLQJ YLEUDWLRQ DQG D VPDOO VKRXOGHU DW  FP RULJLQDWHG E\
RFWDKHGUDOFRRUGLQDWHG$O LRQV)LQDOO\ LW LVSRVVLEOH WRREVHUYHDEDQG




x Transmission electron microscopy. 7KH H[SHULPHQWDO SURFHGXUH
IROORZHGLQWKLVWKHVLVKDVDOORZHGWRREWDLQQDQRSDUWLFOHVZLWKDQDYHUDJH






























x Thermal analysis. 7KH UHSUHVHQWDWLYH EHKDYLRXU RI WKH WKHUPDO





UHSUHVHQWV WKHPDMRU SDUW RI WKHPDVV ORVV DERXW  7KLV VWHS LV
DVVRFLDWHG ZLWK WKH GHK\GUDWLRQ DQG ERHKPLWH WUDQVIRUPDWLRQ LQWR J
DOXPLQD)LQDOO\LWLVSRVVLEOHWRREVHUYHDODVWVWHSWKDWGRHVQRWJLYHD
WKHUPDO HYHQW EXW DSSHDUV DV D FRQWLQXRXVPDVV ORVV RI DERXW  DQG








WKH DV\PPHWULFDO SURILOH RI WKH VHFRQG SHDN DQ DGGLWLRQDO VWHS LV























,Q DGGLWLRQ K\GURO\VLV RI WKH $O DONR[LGHV LV IDVWHU WKDQ
WHWUDHWK\ORUWKRVLOLFDWH 7(26 DQG LW LV GLIILFXOW WR FRQWURO JHODWLRQ DQG
SKDVH VHSDUDWLRQ RI ED\HULWH RU SVHXGRERHKPLWH JHO PD\ RFFXU
$OXPLQLXP DFHWDWH IRUPLDWH DQG VLPLODU FRPSRXQGV DOVR K\GURO\]H
TXLFNO\DQGWKH\FDQQRWEHGLVVROYHGFRPSOHWHO\LQZDWHURUDOFRKRODQG
JHO LQWR WZR VHSDUDWHG OD\HUV +RZHYHU ZLWK WKH VHPLDONR[LGHPHWKRG
LQH[SHQVLYHDOXPLQLXPVDOWVDUHXVHGDQGKLJKHUKRPRJHQHLW\LVUHDFKHG
DV HYLGHQFHG E\ WKH ORZHU WHPSHUDWXUH IRUPDWLRQ RI PXOOLWH DW DURXQG
&$PRQJ WKH LQRUJDQLF VDOWVZHKDYHVHOHFWHGDOXPLQLXPQLWUDWH
EHFDXVHKDVDJRRGVROXELOLW\ LQHWKDQRO$QRWKHU UHDVRQIRU WKLVFKRLFH
ZDVWKDWWKHPDMRUSDUWRI12FRQWHQWFDQHDVLO\HVFDSHGXULQJJHODWLRQ

Synthesis and characterization. 

([SHULPHQWDOSURFHGXUH
7KH FRUHVKHOO QDQRSDUWLFOH SODWIRUP ZDV DFKLHYHG E\
FRQGHQVDWLRQRI7(26DQG$O12ā+2LQHWKDQROIROORZHGE\DJLQJ
IRURQHZHHN7KHVWDUWLQJDOXPLQLXPDQGVLOLFRQVRXUFHVZHUHDOXPLQLXP






K\GUDWLRQRI DOXPLQLXPQLWUDWH QRQDK\GUDWH7KH UHVXOWLQJ VROXWLRQZDV
UHIOX[HGDQGDJHGIRUZHHN7KHILQDOO\REWDLQHGJHOVZHUHGULHGDW&




x Powder X-Ray diffraction. 7KH GLIIUDFWLRQ VSHFWUD LQGLFDWHV WKH
SUHVHQFHRIERHKPLWHDVDFU\VWDOOLQHSKDVHILJXUH7KH;UD\GLVSOD\V
SHDNVDWDURXQGDQGYDOXHVRITZKLFKFDQ
EH DWWULEXWHG WR D FU\VWDOOLQH SKDVHZLWK WKH VWUXFWXUH RI ERHKPLWH 7KH
VHFRQGFRPSRQHQWRIWKHVHV\QWKHVLVHGQDQRSDUWLFOHVLHVLOLFDZKLFKLV








x 27Al Nuclear magnetic resonance. 7KHUHDUHWKUHHW\SHVRI



























GDVKHG DPRUSKRXV VLOLFD GRWWHG DQG QRQIXQFWLRQDOLVHG FRUHVKHOO
FU\VWDOOLQHERHKPLWHDPRUSKRXVVLOLFDQDQRSDUWLFOHV$OOWKHVSHFWUDZHUH
SXWWRJHWKHULQRUGHUWRFRPSDUHWKHSUHVHQFHRIWKHEDQGVFRUUHVSRQGLQJ









YLEUDWLRQ RI +2 PROHFXOHV 7KH YHU\ VWURQJ DQG EURDG ,5 EDQG DW
FPZLWKDVKRXOGHUDWDURXQGFPLVXVXDOO\DVVLJQHGWRWKH
6L26LDV\PPHWULFVWUHWFKLQJYLEUDWLRQV7KH,5EDQGDWFPFDQEH

















$V LW FDQ EH VHHQ LQ ILJXUH  WKH VSHFWUD RI WKH FRUHVKHOO
QDQRSDUWLFOHV GLVSOD\ EURDG EDQGV DW ORZ ZDYHQXPEHUV LQGLFDWLQJ D
GLVRUGHUHGGLVWULEXWLRQRIDOXPLQLXPDQGVLOLFRQWHWUDKHGUDOVLWHV7KHEDQG
DW  FPí KDV EHHQ DVVLJQHG WR WHWUDKHGUDO$O±2±6L




x Transmission electron microscopy. ,Q WKH ILJXUHDUH VKRZQ
















7KHDQFKRULQJRI WKHRUJDQLFPROHFXOHV WR WKH VXUIDFHKDVEHHQ






7KH FRQWUROOHG K\GURO\VLV RI WKH SUHFXUVRUV DQG WKH ODWHU
FRQGHQVDWLRQ ZLWK WKH 2+ JURXSV ORFDWHG RQ WKH VXUIDFH RI WKH












VWHS DQWKUDFHQHFDUER[DOGHK\GH LV UHDFWHG ZLWK WKH FRUUHVSRQGLQJ
SUHFXUVRUWULVDONR[\SRO\DPLQRVLODQHWR\LHOGWKH6FKLIIEDVHVZKLFKDUH
FKDUDFWHUL]HG E\ D GRZQILHOG VKLIWHG + 105 VLJQDO DW ca  SSP
DWWULEXWDEOHWRWKHLPLQHW\SHSURWRQ7KHLPLQHVDUHUHGXFHGZLWKVRGLXP









)LQDOO\ WKH K\EULG LQRUJDQLF±RUJDQLF V\VWHP ZDV SUHSDUHG E\
DGGLQJ  J RI ERHKPLWHVLOLFD FRUH±VKHOO QDQRSDUWLFOHV WR DQ HWKDQROLF
VROXWLRQ RI WKH IXQFWLRQDOLVHG DQWKUDFHQHDPLQH FRPSRXQG NHHSLQJ WKH

































 J  PPRO RI 
7HWUDD]DF\FORGRGHFDQRF\FOHQDQGJRI
1D+&2PPROZHUHVWLUUHGLQP/
































 J  PPRO RI
SURWHFWHG F\FOHQ DQG  J











WKLV VROXWLRQ ZDV DGGHG
PPRO RI ERHKPLWH DQG WKH
PL[WXUHUHIOX[HGIRUKRXUV7KH




,Q RUGHU WR UHPRYH WKH SURWHFWLRQ JURXSV WKH VROLG REWDLQHGZDV























 J  PPRO RI '73$
ELVDQK\GULGHZDVVWLUUHGRQP/









7KH SRZGHU REWDLQHG LQ WKH
SUHYLRXV VWHS ZDV VROXELOLVHG LQ
0H2+7KH VROXWLRQZDV KHDWHG









(OHPHQWDO DQDO\VLV SURYLGHG D ORDGLQJ RI [ [ DQG
[PROHVRIJDGROLQLXPWHUELXPDQGHXURSLXPSHUJUDPRIVDPSOH






















7KH RUJDQLF SUHFXUVRUV ZHUH SUHSDUHG E\ FRQGHQVDWLRQ RI
WULHWKR[\VLO\OSURSDQDPLQH ZLWK WKH DSSURSULDWHG FKDUJHG
VTXDUDPLGHHVWHU
6TXDUDPLGHFRPSRXQGVPPROZHUHGLVVROYHGLQWKHPLQLPXP
TXDQWLW\ RI ZDWHU DQG DGGHG GURSZLVH WR DQ HWKDQROLF VXVSHQVLRQ RI
ERHKPLWHQDQRSDUWLFOHVJSODFHGLQDURXQGERWWRPIODVN$IWHUGD\




























 & )LQDOO\ WKH IXQFWLRQDOLVHG QDQRSDUWLFOHV ZHUH FROOHFWHG E\











7KH K\EULG LQRUJDQLF±RUJDQLF V\VWHP
ZDV SUHSDUHG IROORZLQJ WKH VDPH
SURFHGXUHWKDQIRU%1+
















1SL ZDV SUHSDUHG E\ UHDFWLRQ RI 
S\UHQHFDUER[DOGHK\GH îíPRO
DQGGLHWK\OHQHWULDPLQHîíPRO
LQ GU\ (W2+ 7KH UHVXOWLQJ PL[WXUH





























îí PRO LQ GU\ (W2+ 7KH
UHVXOWLQJPL[WXUHZDVVWLUUHGIRUKDW
URRP WHPSHUDWXUH XQGHU DUJRQ DQG WKHQ D IROG H[FHVV RI VRGLXP
ERURK\GULGHîíPROZDVDGGHGSRUWLRQZLVH$IWHUKWKHVROYHQW


















- 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- 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)LQDOO\ WKH K\EULG LQRUJDQLFRUJDQLF V\VWHP ZDV SUHSDUHG E\
DGGLQJJRIERHKPLWHQDQRSDUWLFOHV WRDVROXWLRQRI WKH IXQFWLRQDOLVHG
S\UHQHDPLQHFRPSRXQGNHHSLQJWKHVWLUULQJIRUK7KHIXQFWLRQDOLVHG





%1SLZDV V\QWKHWLVHG IROORZLQJ WKH







%7SL ZDV V\QWKHVL]HG E\




LQ DQ LQHUW DWPRVSKHUH IRU  K XQGHU VWLUULQJ 7KHQ  J RI ERHKPLWH
QDQRSDUWLFOHVZDVDGGHGWRDVROXWLRQRIWKHIXQFWLRQDOLVHGS\UHQHDPLQH
FRPSRXQGNHHSLQJWKHVWLUULQJIRUK7KHIXQFWLRQDOLVHGQDQRSDUWLFOHV
Synthesis and characterization. 

ZHUHFROOHFWHGE\FHQWULIXJDWLRQDQGWKHSURGXFWZDVVXFFHVVLYHO\ZDVKHG





%SL ZDV SUHSDUHG E\ UHGXFWLRQ RI 
S\UHQHFDUER[DOGHK\GHîíPROZLWKD
IROGH[FHVVRIVRGLXPERURK\GULGHDWURRP
WHPSHUDWXUH $IWHU WKDW WKH SURGXFW ZDV
H[WUDFWHGZLWKZDWHUDQGWKHUHVXOWLQJDOFRKRO
ZDVUHDFWHGZLWKWKHERHKPLWHQDQRSDUWLFOHV
















SURGXFHV DQ XSILHOG VKLIW RI WKH 6L VLJQDOZKLFKPRYHV IURP G   
WRSSP7XQLWVWRG WR4XQLWV,QWKLVUHVSHFWWKH&3










Synthesis and characterization. 







x Powder X-ray diffraction, infrared spectra, transmission electron 
microscopy and 27Al nuclear magnetic resonance LQ FDVH RI FRUHVKHOO
QDQRSDUWLFOHVZHUHFDUULHGRXWIRUDOOWKHK\EULGV\VWHPVVKRZLQJWKDWWKH



















































































(O PHUFXULR H[LVWH SULQFLSDOPHQWH HQ WUHV HVWDGRV GH R[LGDFLyQ
+JPHWiOLFR+J,PHUFXULRVR\+J,,PHUF~ULFR(OPHUFXULRHV
XQR GH ORV FRPSRQHQWHV PiV Wy[LFRV TXH VH SXHGH HQFRQWUDU HQ OD
QDWXUDOH]D \D TXH LQFOXVR D FRQFHQWUDFLRQHV PX\ EDMDV SXHGH FDXVDU
HQIHUPHGDGHVGLJHVWLYDVTXHDIHFWHQDOEXHQIXQFLRQDPLHQWRGHOULxyQH
LQFOXVRQHXUROyJLFDV/DDJHQFLDGHSURWHFFLyQPHGLRDPELHQWDO (3$
LQGLFD HO QLYHOPi[LPR GH+J,, SHUPLWLGR HQ HO DJXD GH FRQVXPR HQ
SSE 6LQ HPEDUJR KR\ HQ GtD OD FRQWDPLQDFLyQ PHGLRDPELHQWDO SRU
PHUFXULRHVXQJUDQSUREOHPDGHELGRDODH[LVWHQFLDGHXQDJUDQYDULHGDG
GH IXHQWHV GH PHUFXULR GHVGH QDWXUDOHV SRU HMHPSOR OD DFWLYLGDG







DO DxR VL ELHQ HV FLHUWR TXH OD FDQWLGDG GH PHUFXULR TXH VH OLEHUD DO





























OD HOHFWURTXtPLFD OD HVSHFWURPHWUtD GH PDVDV FRQ SODVPD DFRSODGR
LQGXFWLYDPHQWH OD HVSHFWURVFRStD GH UHVRQDQFLD PDJQpWLFD HWF




SDUD UHVROYHU ORV LQFRQYHQLHQWHV DQWHV PHQFLRQDGRV GHELGR D TXH VRQ
WpFQLFDVTXHQRUHTXLHUHQXQDLQVWUXPHQWDFLyQFDUDODWRPDGHUHVXOWDGRV
HVUiSLGD\HQODPD\RUtDGHORVFDVRVQRHVQHFHVDULRXQSUHWUDWDPLHQWRGH
ODV PXHVWUDV $GHPiV HV QHFHVDULR UHDOL]DU XQ HVIXHU]R H[WUD HQ HO
GHVDUUROOR GH TXLPLRVHQVRUHV TXH VHDQ FDSDFHV GH GHWHFWDUPHUFXULR HQ
Nanopartículas de bohemita para la detección de mercurio en agua. 
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DJXD VLQ OD QHFHVLGDG GH XWLOL]DU PHGLRV RUJiQLFRV R PH]FODV GH
GLVROYHQWHVRUJiQLFRV\DFXRVRVGHPDQHUDTXHODVPHGLGDV\SRUWDQWR





XQ TXLPLRVHQVRU OXPLQLVFHQWH VH GHEHQ WHQHU HQ FXHQWD WDQWR ODV
FDUDFWHUtVWLFDV GHO UHFHSWRU FRPR ODV GH OD XQLGDG LQGLFDGRUD 6L QRV
FHQWUDPRV HQ HO UHFRQRFLPLHQWR GH LRQHV PHWiOLFRV OD HVWDELOLGDG GHO
FRPSOHMRFDWLyQOLJDQGRGHSHQGHGHPXFKRVIDFWRUHVQDWXUDOH]DGHOFDWLyQ
\GHOGLVROYHQWHODWHPSHUDWXUDODIXHU]DLyQLFDHWF(VSRUHOORTXHODV




SROLDPLQDV GH FDGHQD DELHUWD DFtFOLFDV SRU ODV JUDQGHV YHQWDMDV TXH
SUHVHQWDQ/RVFRPSXHVWRVSROLDPtQLFRVVHFDUDFWHUL]DQSRUVHUVROXEOHV




ODV YHQWDMDV GH OD HVSHFWURVFRStD GH IOXRUHVFHQFLD FRPR WpFQLFD GH
GHWHFFLyQEDUDWDIiFLO\UiSLGD8QDYHQWDMDDGLFLRQDOTXHSUHVHQWDHOXVR
GH SROLDPLQDV HQ GLVROYHQWHV SUyWLFRV HV HO KHFKR GH TXH ORV SURWRQHV
FRPSLWHQFRQ ORV LRQHVPHWiOLFRVSRU ORVJUXSRVDPLQR(Q IDVHJDV OD
Capítulo 6. 

DILQLGDG TXH SUHVHQWDQ ORV JUXSRV DPLQR SRU ORV SURWRQHV VLJXH OD
WHQGHQFLDJUXSRDPLQRWHUFLDULR!VHFXQGDULR!SULPDULR6LQHPEDUJRHQ
GLVROXFLyQDFXRVDODWHQGHQFLDHVVHFXQGDULR|SULPDULR!WHUFLDULR\DTXH
ODVPROpFXODVGH DJXDSXHGHQ IRUPDU HQODFHVSRUSXHQWHVGHKLGUyJHQR
IiFLOPHQWHFRQODVDPLQDVSURWRQDGDV\VROYDWDUODV$VtFXDQWRPHQRUHV




HQFXHQWUD SUy[LPR /D SURWRQDFLyQ GH ORV JUXSRV DPLQR SUHYLHQH HVWRV
SURFHVRVSRUORTXHODIOXRUHVFHQFLDGHHVWRVVLVWHPDVSXHGHVHUPRGXODGD
D WUDYpVGH ORVSURFHVRVGHSURWRQDFLyQ\GHVSURWRQDFLyQGH ORVJUXSRV
DPLQR
$GHPiV GDGR TXH OD VtQWHVLV GH HVWH WLSR GH OLJDQGRV HV
UHODWLYDPHQWH VHQFLOOD \ EDUDWD VH SXHGHQ UHDOL]DUPRGLILFDFLRQHV HQ OD
HVWUXFWXUD GH FDUD D OD REWHQFLyQGH XQTXLPLRVHQVRU ORPiV VHQVLEOH \
VHOHFWLYR SRVLEOH VLQ TXH HOOR VXSRQJD XQ JUDQ HVIXHU]R VLQWpWLFR R
HFRQyPLFR(QHVWHVHQWLGRVHKDGHFLGLGRYDULDUHOQ~PHURGHiWRPRVGH
QLWUyJHQR GH OD FDGHQD SROLDPtQLFD SDUD HVWXGLDU VX HIHFWR HQ HO





SRU QDQRSDUWtFXODV IXQFLRQDOL]DGDV FRQ SROLDPLQDV DFtFOLFDV HQ ODV TXH
PHGLDQWH HO HPSOHR GH OD HVSHFWURVFRStD GH IOXRUHVFHQFLD VH SUHWHQGH
Nanopartículas de bohemita para la detección de mercurio en agua. 
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SDVDQGR SRU HO FDPSR GHO PHGLRDPELHQWH SDUD OD GHWHFFLyQ GH
FRQWDPLQDQWHV KDVWD HO FDPSR GH OD HOHFWUyQLFD FRQ HO GHVDUUROOR GH
PDWHULDOHV FRQ DSOLFDFLRQHV ySWLFDV 'HQWUR GH ORV GLIHUHQWHV WLSRV GH
VLVWHPDV TXH SXHGHQ HPSOHDUVH HQ HO GHVDUUROOR GH TXLPLRVHQVRUHV














x (O HPSOHRGHXQD HVWUXFWXUD FULVWDOLQD FRPRQ~FOHRKDFHTXH HO
JUDGRGHKRPRJHQHLGDGGHODVQDQRSDUWtFXODVILQDOHVVHDHOHYDGR









QPTXH VRQPHQRUHV D ODVQDQRSDUWtFXODVGHERKHPLWD FX\R
WDPDxRDOFDQ]DHQDOJXQRVFDVRVORVQPGHGLiPHWUR
x /D HVWDELOLGDG GH ODV GLVROXFLRQHV FRORLGDOHV VHPDQWLHQH HQ XQ
DPSOLR LQWHUYDOR GH S+ /DV GLVSHUVLRQHV GH ERKHPLWD VRQ D
FRQFHQWUDFLRQHVPLOLPRODUHVHVWDEOHVKDVWDS+ILVLROyJLFRDSDUWLU
GHOFXDOHPSLH]DQDFRDJXODU6LQHPEDUJRODVQDQRSDUWtFXODVGH
ERKHPLWDVtOLFD KDQ UHVXOWDGR VHU HVWDEOHV HQ GLVROXFLyQ DFXRVD
KDVWDS+HQHOPLVPRUDQJRGHFRQFHQWUDFLyQ




Nanopartículas de bohemita para la detección de mercurio en agua. 
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DPLQDVHFXQGDULDHQXQFDVR1\DPLQDVVHFXQGDULDVHQHORWUR1
LQFOX\HQGR HQ DPERV FDVRV HO IOXRUyIRUR DQWUDFHQR $ FRPR XQLGDG
VHxDOL]DGRUD /RV VLVWHPDV KtEULGRV VLQWHWL]DGRV VH KDQ GHQRPLQDGR
01$\01$UHVSHFWLYDPHQWH3DUDFRQRFHUODFDQWLGDGGHSROLDPLQD
DQFODGDDODVXSHUILFLHGHODVQDQRSDUWtFXODVVHKDUHDOL]DGRXQFDOLEUDGR
















(O SULPHU SDVR D OD KRUD GH HVWXGLDU XQ VLVWHPD PHGLDQWH
HVSHFWURVFRStD GH IOXRUHVFHQFLD HV FRQRFHU VX HVSHFWUR GH DEVRUFLyQ \
HQFRQWUDU ODV FRQGLFLRQHV GH H[FLWDFLyQ \ HPLVLyQ ySWLPDV HQ ODV
FRQGLFLRQHV H[SHULPHQWDOHV GH WUDEDMR (Q OD ILJXUD  VHPXHVWUD HO





HQWUH GLIHUHQWHV QLYHOHV YLEUDFLRQDOHV YHU VHFFLyQ GH OXPLQLVFHQFLD
DSDUWDGR$GHPiVVHREVHUYDTXHHOHVSHFWURGHIOXRUHVFHQFLDHVOD













FRRUGLQDU HVSHFLHV FDWLyQLFDV R DQLyQLFDV HQ IXQFLyQ GHO JUDGR GH
SURWRQDFLyQGHORVJUXSRVDPLQR'DGRTXHODVUHDFFLRQHVGHFRPSOHMDFLyQ
FRPSLWHQ FRQ ODV GH SURWRQDFLyQ HV QHFHVDULR FRQRFHU SUHYLDPHQWH ODV







(Q JHQHUDO HO FRPSRUWDPLHQWR OXPLQLVFHQWH HQ UHFHSWRUHV
SROLDPtQLFRVTXHFRQWLHQHQJUXSRV IOXRUyIRURVGHSHQGHHQJUDQPHGLGD
GHO JUDGR GH SURWRQDFLyQ GH GLFKRV UHFHSWRUHV 8QD YDORUDFLyQ
IOXRULPpWULFDiFLGREDVHGHORVUHFHSWRUHVSHUPLWHFRQRFHUFyPRYDUtDOD
HPLVLyQHQIXQFLyQGHOS+\SRUORWDQWRVHOHFFLRQDUORVLQWHUYDORVGHS+
DGHFXDGRV SDUD UHDOL]DU ORV HVWXGLRV SRVWHULRUHV GH FRRUGLQDFLyQ /DV
YDORUDFLRQHV GH ORV UHFHSWRUHV KtEULGRV 01$ \ 01$ PXHVWUDQ HQ
DPERV FDVRV XQD GLVPLQXFLyQ HQ OD LQWHQVLGDG GH HPLVLyQ FRQIRUPH VH

















GH OD DPLQD D XQ HVWDGR H[FLWDGR GHO DQWUDFHQR ILJXUD &XDQGR OD
DPLQD VH HQFXHQWUD HQ VX IRUPD SURWRQDGD HO SDU GH HOHFWURQHV GHO
QLWUyJHQRVHHQFXHQWUDLQWHUDFFLRQDQGRFRQHOSURWyQSRUORTXHQRKD\
GHVDFWLYDFLyQGHODHPLVLyQGHIOXRUHVFHQFLDGHODQWUDFHQR\DTXHODYXHOWD
DO HVWDGR IXQGDPHQWDO VH SURGXFH D WUDYpV XQ SURFHVR UDGLDWLYR 6LQ
HPEDUJR FXDQGR ORV JUXSRV DPRQLR VH GHVSURWRQDQ VH SURGXFH XQD
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4XtPLFDGHFRRUGLQDFLyQFDWLyQLFD
(OFRPSRUWDPLHQWR IRWRTXtPLFRGHXQ OLJDQGR OLEUHSXHGHYHUVH
PRGLILFDGRDOFRPSOHMDUFDWLRQHV'HSHQGLHQGRGHODQDWXUDOH]DGHOLRQ
PHWiOLFR VH SXHGHQ REVHUYDU GRV HIHFWRV GLIHUHQWHV ([LVWHQ DOJXQRV












H[SHULPHQWDU UHODMDFLRQHV QR UDGLDWLYDV SDUD YROYHU DO HVWDGR
IXQGDPHQWDO
x /RVPHWDOHVSDUDPDJQpWLFRVGHOEORTXH³G´FRPRHO&X,,RHO1L,,
GH DOWR VSLQ DO LJXDO TXH ORV GHO EORTXH ³I´ FRPR HO *G,,, R HO
7P,,,VRQFDSDFHVGHLQKLELUPXFKRODIOXRUHVFHQFLD
x /RV PHWDOHV FRPR HO &D,, \ HO =Q,, WLHQHQ XQ SHVR DWyPLFR
UHODWLYDPHQWH EDMR \ QR VRQ SDUDPDJQpWLFRV 6RQ PHWDOHV TXH






x 3RU ~OWLPR ORV FDWLRQHV &D,, =Q,, \ $J, FRQ FRQILJXUDFLyQ
HOHFWUyQLFD G VXHOHQ SURGXFLU XQ DXPHQWR GH OD HPLVLyQ GH







HIHFWR GH XQD VHULH GH PHWDOHV VREUH OD HPLVLyQ GH IOXRUHVFHQFLD 6H
UHSLWLHURQODVYDORUDFLRQHVIOXRULPpWULFDVGHORVVLVWHPDVKtEULGRVGHVSXpV
GHDGLFLRQDUFDQWLGDGHVHTXLPROHFXODUHVGHORVGLIHUHQWHVPHWDOHV(QOD
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OD HPLVLyQ GH IOXRUHVFHQFLD GHO VLVWHPD01$ Vt TXH VH REVHUYD XQD



























6H UHDOL]DURQ ORVPLVPRV HQVD\RV SDUD HO VLVWHPD01$ ILJXUD
/RVFDWLRQHV&X,,\+J,,PXHVWUDQXQHIHFWRCHEQPXFKRPiV
OODPDWLYRTXHHOREVHUYDGRSDUDHOVLVWHPD01$VLHQGRHO+J,,HOLRQ








VLVWHPDV KtEULGRV FDSDFHV GH GHWHFWDUPHUFXULR 3RU HOOR D SDUWLU GH OD
UHVSXHVWDOXPLQLVFHQWHREWHQLGDHQIXQFLyQGHOS+VHSXHGHQVHOHFFLRQDU
GRV S+¶V GRQGH OD GHWHFFLyQ HV PiV HIHFWLYD (Q OD JUiILFD  VH










































FDVRGHO FREUH TXH HQ HO GHOPHUFXULR6LQ HPEDUJR OD XWLOLGDGGH HVWH
VLVWHPD KtEULGR SDUD GHWHFWDU PHUFXULR HQ SUHVHQFLD GH RWURV PHWDOHV
SHVDGRVHV D~Q UHPDUFDEOH\DTXHHO UHVWRGHPHWDOHVSHVDGRVFRPRHO
&G,,\3E,,QRSURYRFDQQLQJ~QHIHFWRHQODHPLVLyQGHIOXRUHVFHQFLD
GHOVLVWHPDKtEULGR
2WUR DVSHFWR D WHQHU HQ FXHQWD FXDQGR VH UHDOL]DQ HVWXGLRV GH
UHFRQRFLPLHQWR HV OD HVWHTXLRPHWUtD GHO FRPSOHMR IRUPDGR &XDQGR VH
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&iOFXORGHOOtPLWHGHGHWHFFLyQ
8QD YH] TXH VH KD DOFDQ]DGR HO REMHWLYR GH REWHQHU XQ VLVWHPD
KtEULGRFDSD]GHUHFRQRFHUPHUFXULRHQGLVROXFLyQDFXRVDHVLPSRUWDQWH




(Q OD ILJXUD  VH UHSUHVHQWD OD YDULDFLyQ GH OD HPLVLyQ GH
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&RQFOXVLRQHV




SROLDPLQDV DELHUWDV VHQFLOODV FX\D VtQWHVLV QR KD LPSOLFDGR XQ JUDQ
HVIXHU]R VLQWpWLFR HQ FRPSDUDFLyQ FRQ RWUDV PROpFXODV RUJiQLFDV
VLQWHWL]DGDVSDUDODGHWHFFLyQGH+J,,
(O VLVWHPD KtEULGR 01$ TXH WLHQH XQD ~QLFD DPLQD HQ VX
HVWUXFWXUDHVHOTXHPHMRUVHQVLELOLGDGKDGHPRVWUDGRKDFLDODGHWHFFLyQ
GH +J,, FRQ XQ OtPLWH GH GHWHFFLyQ SRU GHEDMR GH OD UHJXODFLyQ
HVWDEOHFLGDSRUOD(3$
/RV HVWXGLRV VH KDQ UHDOL]DGR D  S+V GLIHUHQWHVPRVWUDQGR XQD
PD\RUHILFDFLDDS+GRQGHHOVLVWHPDKtEULGR01$KDVLGRFDSD]GH
GHWHFWDU +J,, PLHQWUDV TXH HO UHVWR GH PHWDOHV HQVD\DGRV QR KD











>@ D 3 *UDQGMHDQ 3 :HLKH 5 ) :KLWH ) 'HEHV (QYLURQPHQWDO




>@ Inorganic mercury *HQHYD :RUOG +HDOWK 2UJDQL]DWLRQ 
(QYLURQPHQWDO+HDOWK&ULWHULD1R












































>@ D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KR\HQGtD/DYHQWDMDPiV LPSRUWDQWHGHHVWD WpFQLFD IUHQWHDO UHVWRGH
WpFQLFDV FRPR OD WRPRJUDItD FRPSXWHUL]DGDGH UD\RV; &7SRUX-Ray 
Computer Tomography OD WRPRJUDItD FRPSXWHUL]DGD GH HPLVLyQ
PRQRIRWyQLFD 63(&7 SRU Single-Photon Emission Computed 
TomographyRODWRPRJUDItDSRUHPLVLyQGHSRVLWURQHV3(7SRUPositron 
Emission Tomography HV TXH QR HPSOHD UDGLDFLyQ GH DOWD HQHUJtD
SHUMXGLFLDO HV XQD WpFQLFD QR LQYDVLYD SRU OR TXH HO WUDWDPLHQWR QR HV





7pFQLFD 5HVROXFLyQ 6HQVLELOLGDG $JHQWHUHVSRQVDEOHGHODLPiJHQ
05, PP P0PP ,RQHVSDUDPDJQpWLFRV
3(7 PP S0 (PLVRUHVGHSRVLWURQHV
63(&7 PP 6XEQ0 (PLVRUHVJDPPD
&7 PP P0 <RGR%DULR

(QJHQHUDOODUHVRQDQFLDPDJQpWLFDGHLPDJHQHVXQDWpFQLFDHQOD
TXH VH DSOLFD XQ JUDGLHQWH GH FDPSR PDJQpWLFR \ XQD RQGD GH
UDGLRIUHFXHQFLD 5) SRU radio frequency D XQ VXMHWR HQ XQ FDPSR
PDJQpWLFRHVWiWLFR/D05,XWLOL]DORVHVSLQHVQXFOHDUHVGHORVKLGUyJHQRV
Nanopartículas de bohemita como agentes de contraste. 
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SURWRQHV GH ODV PROpFXODV GH DJXD TXH VH HQFXHQWUDQ HQ HO FXHUSR





PDJQpWLFR GH DOWD IUHFXHQFLD D XQD PXHVWUD R SHUVRQD ORV HVSLQHV
QXFOHDUHVGHORVSURWRQHVSUHVHQWHVHQORVWHMLGRVVHH[FLWDQ\URWDQDXQD
YHORFLGDGTXHGHSHQGHGHOFDPSRPDJQpWLFRHVWiWLFRDSOLFDGR&XDQGRHO




SURGXFLU ODV LPiJHQHV GH 05, 6H SXHGHQ GLIHUHQFLDU GRV WLHPSRV GH
UHODMDFLyQORQJLWXGLQDOT1\WUDQVYHUVDOT2
x T1 (Q XQ H[SHULPHQWR FRQYHQFLRQDO GH UHVRQDQFLDPDJQpWLFD VH
DSOLFDQSXOVRV5)DORVSURWRQHVFRQXQWLHPSRGHUHWDUGRHQWUHORV
SXOVRV(O WLHPSRTXHHPSOHDQ ORVSURWRQHVH[FLWDGRVHQFHGHU OD
HQHUJtD DEVRUELGD DO PHGLR VH GHILQH FRPR WLHPSR GH UHODMDFLyQ
ORQJLWXGLQDOWLHPSRGHUHODMDFLyQHVStQPHGLR





&XDQGR VH XWLOL]D OD WpFQLFD GH 05, OR TXH VH REVHUYD VRQ ORV









HO FDPELR EULOORRVFXULGDG SUHVHQWH HQ ODV LPiJHQHV 3RU WDQWR OD
LQWURGXFFLyQGHVXVWDQFLDVH[WHUQDVTXHSXHGDQPHMRUDUODVLPiJHQHVGH
UHVRQDQFLD HVQHFHVDULD(VWDV VXVWDQFLDV VH OODPDQDJHQWHVGHFRQWUDVWH






/DV VXVWDQFLDV TXH SXHGHQ DFWXDU FRPR DJHQWHV GH FRQWUDVWH VH





HQ OD OXPLQRVLGDGGHO WHMLGRREVHUYDGR(QHO ODGRRSXHVWRDSDUHFHQORV







DJXD GLDPDJQpWLFDV HV DOUHGHGRU GH FLQFR YHFHVPD\RU TXHT2 \ SRU OR



















/RV DJHQWHV GH FRQWUDVWH EDVDGRV HQ ORV LRQHV SDUDPDJQpWLFRV
0Q,,0Q,,,)H,,,\&X,,KDQVLGRHPSOHDGRVSDUDPRGLILFDUT16LQ
HPEDUJRORVFRPSOHMRVGH*G,,,VRQGHOHMRVORVPiVHPSOHDGRVFRPR





$XQTXH ODV FDUDFWHUtVWLFDV HOHFWUyQLFDV KDFHQGHO*G,,, XQEXHQ
FDQGLGDWRSDUDDFWXDUFRPR&$VXDGPLQLVWUDFLyQDRUJDQLVPRVYLYRVQR
VHSXHGHOOHYDUDFDERVLVHHQFXHQWUDHQVXIRUPDOLEUH\DTXHLQGXFHXQ
DOWR JUDGR GH WR[LFLGDG EORTXHD ORV FDQDOHV GH FDOFLR GHELGR D TXH HO
*G,,, WLHQH XQ WDPDxR VLPLODU DO &D,, \ SXHGH DIHFWDU DO EXHQ
Nanopartículas de bohemita como agentes de contraste. 

IXQFLRQDPLHQWR GH DOJXQRV HQ]LPDV DO SURYRFDU OD WUDQVPHWDODFLyQ FRQ
RWURV LRQHV PHWiOLFRV $GHPiV HO FDWLyQ *G,,, SXHGH IRUPDU
KLGUR[RFRPSOHMRV\SUHFLSLWDUDS+ILVLROyJLFR6HHVWLPDTXHORVYDORUHV
GH /' SDUD HO *G,,, VH HQFXHQWUDQ GHQWUR GHO LQWHUYDOR GH 
PPRONJ 3RU HOOR HV PX\ LPSRUWDQWH HO GHVDUUROOR GH OLJDQGRV
PXOWLGHQWDGRV SRU HM ODVPROpFXODVGH WLSRSROLDPLQRFDUER[LODWRV TXH





DFXHUGR FRQ OD WHRUtD HVWDEOHFLGD SRU 6RORPRQ%ORHPEHUJHQ0RUJDQ
6%0 \ VX GHVDUUROOR SRVWHULRU GHQRPLQDGD GH IRUPD JHQHUDO FRPR
*6%0VHSXHGHGHILQLUXQDYHORFLGDGGHUHODMDFLyQORQJLWXGLQDOR1FRPR







Rܴଵ ൌ ܴௗ ൅ ܴ௣    HF
&XDQGRQLQJXQDVXVWDQFLDSDUDPDJQpWLFDVHHQFXHQWUDSUHVHQWHHQ
OD GLVROXFLyQ OD YHORFLGDG GH UHODMDFLyQ JOREDO TXH VH REVHUYD HV OD
FRUUHVSRQGLHQWH D OD YHORFLGDG GH UHODMDFLyQ GLDPDJQpWLFD &XDQGR XQ
FRPSOHMRGH*G,,,VHDxDGHDODGLVROXFLyQVHSURGXFHXQDXPHQWRGHOD
YHORFLGDGGHUHODMDFLyQGHELGRDODSUHVHQFLDGHOFRPSOHMRSDUDPDJQpWLFR
DGLFLRQDGR \ HO DXPHQWR REVHUYDGR HV GLUHFWDPHQWH SURSRUFLRQDO D OD
FRQFHQWUDFLyQGH*G,,,SUHVHQWHHFXDFLyQ
@*G,,>  rRR d       HF
Capítulo 7. 

$ SDUWLU GH HVWD HFXDFLyQ HV SRVLEOH REWHQHU HO WpUPLQR r HQ







GLIHUHQWHV SDUiPHWURV (Q OD ILJXUD  VH KDQ UHSUHVHQWDGR DTXHOORV
IDFWRUHVTXHYDQDLQIOXLUHQHOHQWRUQRTXtPLFRGHOFDWLyQSDUDPDJQpWLFR
\TXHHQFLHUWDPHGLGDSXHGHQ VHUPRGLILFDGRVHQ OD HWDSDGHGLVHxR\
VtQWHVLVGHORVVLVWHPDVTXHFRPSOHMDUiQDOFDWLyQSDUDPDJQpWLFR




SDUDPDJQpWLFR 6LQ HPEDUJR HO Q~PHUR Pi[LPR GH PROpFXODV GH







DXPHQWD 6LQ HPEDUJR VL HO WpUPLQR WM GLVPLQX\H GHPDVLDGR OD
UHODMDWLYLGDGWDPELpQORKDUi\DTXHORVSURWRQHVGHODVPROpFXODVGH














x qss \ WMss KDFHQ UHIHUHQFLD D OD LQWHUDFFLyQ GHO FRPSOHMR FRQ ODV
PROpFXODVGHDJXDVLWXDGDVHQODVHJXQGDHVIHUDGHFRRUGLQDFLyQ\HQ
HVIHUDVPiVH[WHUQDVHVGHFLUHOQ~PHURGHKLGUDWDFLyQGHOFRPSOHMR
\ HO WLHPSR PHGLR GH UHVLGHQFLD GH HVDV PROpFXODV GH DJXD
UHVSHFWLYDPHQWH
(VWRVSDUiPHWURVVHSXHGHQRSWLPL]DU\VHKDFRPSUREDGRTXHXQGLVHxR










ORV HOHPHQWRVGH OD VHULH GHO EORTXH f GHVGH HO ODQWDQR DO OXWHFLR(Q OD
QDWXUDOH]DVHSXHGHQHQFRQWUDUFDVLGHPDQHUDH[FOXVLYDHQXQHVWDGRGH






Nanopartículas de bohemita como agentes de contraste. 

IXQGDPHQWDO\HOSULPHUHVWDGRH[FLWDGRVHDORVXILFLHQWHPHQWHJUDQGHSDUD












(O 7E,,, H[SHULPHQWD OD GHVDFWLYDFLyQ GHVGH XQ HVWDGR H[FLWDGR '
GDQGROXJDUDFXDWUREDQGDVGHHPLVLyQGHODVFXDOHVODVPiVLQWHQVDVVRQ
ODVWUDQVLFLRQHV'o)\'o)(QODWDEODVHUHFRJHQWRGDV























Terbio   
'o) ± PHGLDDOWD 6HQVLELOLGDGPRGHUDGDDOHQWRUQR
o) ± DOWD 8WLOL]DGDHQVRQGDVELROyJLFDV
o) ± PHGLD 6HQVLELOLGDGPRGHUDGDDOHQWRUQR
o) ± PHGLDEDMD 6HDSUHFLDFLHUWDHVWUXFWXUDPHGLGDHQDOWDUHVROXFLyQ
o)  EDMD 'HPDVLDGRGpELO
   
Europio   





o) ± DOWD $OWDVHQVLELOLGDGDOHQWRUQR
o) ± PX\EDMD 0X\GpELOHQFXDOTXLHUFRQGLFLyQ









GLVSRQLEOHV KR\ HQ GtD VH EDVDQ HQ FRPSOHMRV FRQPROpFXODV RUJiQLFDV
OLEUHV'RWDUHP3UR+DQFH0DJQHYLVW2PQLVFDQ6LQHPEDUJR
HO WUHPHQGR GHVDUUROOR TXH KD H[SHULPHQWDGR OD QDQRWHFQRORJtD HQ ODV
~OWLPDV GpFDGDV KD SURSLFLDGR HO GHVDUUROOR GH QXHYRV WLSRV GH VRQGDV
EDVDGRVHQQDQRSDUWtFXODV<DKHPRVFRPHQWDGRGHPDQHUDPiVH[WHQVD
HQRWURVFDStWXORVGHODSUHVHQWHWHVLVGRFWRUDOTXHODVSURSLHGDGHVItVLFDV
\ TXtPLFDV TXH WLHQHQ ODV QDQRSDUWtFXODV GHELGR D VX WDPDxR \ D OD
QDWXUDOH]DGH VXFRPSRVLFLyQKDQSURSLFLDGRVXXVRHQHOGHVDUUROORGH





TXH H[KLEHQ RWUD FODVH GH SURSLHGDGHV $GHPiV HO HPSOHR GH
QDQRSDUWtFXODV FRPR SODWDIRUPDV GH DJHQWHV GH FRQWUDVWH SHUPLWH OD
PRGLILFDFLyQGHORVSDUiPHWURVTXHDIHFWDQDOYDORUILQDOGHODUHODMDWLYLGDG
\ SRU OR WDQWR D OD HIHFWLYLGDG GHO VLVWHPD KtEULGR FRPR DJHQWH GH
FRQWUDVWH
([LVWHQ GRV PROpFXODV RUJiQLFDV TXH KDQ VLGR XWLOL]DGDV
DPSOLDPHQWHHQHOGHVDUUROORGH&$VEDVDGRVHQ*G,,,GHDFXHUGRFRQOD
OLWHUDWXUD8QDGHHOODVHVHOiFLGRGLHWLOHQWULDPLQRSHQWDDFpWLFR'73$
\ OD RWUD HO iFLGR WHWUD]DFLFORGRGHFDQRWHWUDDFpWLFR '27$
HVTXHPD




(O '73$ FRQVLVWH HQ XQD FDGHQD SROLDPtQLFD TXH DFW~D FRPR
HVTXHOHWR HQ HO TXH VH ORFDOL]DQ FLQFR JUXSRV DFHWDWR +D\ FXDWUR
GLDVWHUHRLVyPHURVSRVLEOHVGHOOLJDQGRELVDPLGD'73$cistranssyn\
anti GHELGR D OD IOH[LELOLGDG TXH SUHVHQWD VX HVWUXFWXUD &DGD
GLDVWHUHRLVyPHURH[LVWHHQGRVIRUPDVHQDQWLRPpULFDVSRUORTXHH[LVWHQ
RFKRSRVLEOHVLVyPHURVGHFRRUGLQDFLyQ(O'27$HVXQPDFURFLFORGH
GRFH PLHPEURV TXH SUHVHQWD FXDWUR FDGHQDV ODWHUDOHV GH WLSR DFHWDWR
&XDQGRVHIRUPDHOFRPSOHMRFRQ*G,,,pVWHWLHQHXQDFDUJDIRUPDOGH
\ODHVWDELOLGDGGHOFRPSOHMRWDQWRFLQpWLFDFRPRWHUPRGLQiPLFDHVDOJR
PD\RU DO FRPSOHMR GH *G'73$ GHELGR D OD SUHRUJDQL]DFLyQ TXH HO
PDFURFLFOR SURSRUFLRQD (VWD FODVH GH OLJDQGRV PXOWLGHQWDGRV
PDFURFtFOLFRVSXHGHQHVWDELOL]DUDOLRQ*G,,,HQPD\RUPHGLGDGHELGRD
TXH GLVPLQX\HQ OD HQWURStD SRU XQ HIHFWR TXHODWR HQ FRPSDUDFLyQ FRQ
OLJDQGRVGHWLSRPRQRGHQWDGR



















QDQRSDUWtFXODV GH ERKHPLWD LQGLFDGD HQ ORV QRPEUHV GH ORV VLVWHPDV
KtEULGRV VLQWHWL]DGRV FRPR%\ HVWXGLDU VXYLDELOLGDG FRPRDJHQWHVGH
FRQWUDVWH0HGLDQWHHVWDHVWUDWHJLDVHSXHGHFRQFHQWUDUXQDJUDQFDQWLGDG












3DUD OOHYDU D FDER OD IXQFLRQDOL]DFLyQ GH ODV QDQRSDUWtFXODV GH
ERKHPLWD FRQ ODV PROpFXODV '27$ \ '73$ VH KD UHDOL]DGR DOJXQD
PRGLILFDFLyQHQVXHVWUXFWXUD(QHOFDVRGHO'27$VHKDHOLPLQDGRXQR
GH ORVJUXSRVDFHWDWR\ VHKD VXVWLWXLGRSRUXQJUXSR VLODQRSDUDSRGHU
Nanopartículas de bohemita como agentes de contraste. 

OOHYDU D FDER OD XQLyQ D OD VXSHUILFLH VyOLGD (Q HO FDVR GHO '73$ OD
PRGLILFDFLyQVHKDSURGXFLGRGLUHFWDPHQWHVREUHXQRGHORVJUXSRVDFHWDWR
YHUFDStWXORGHVtQWHVLV1LQJXQDGHHVWDVPRGLILFDFLRQHVKDFDXVDGRXQD














D SDUWLU GH ORV FRPSOHMRV GH (X,,, \ 7E,,, SHUPLWLUiQ VX HYDOXDFLyQ
FRPR SRVLEOHV VRQGDV ELROyJLFDV OXPLQLVFHQWHV 8QD YH] VLQWHWL]DGRV \
FDUDFWHUL]DGRV ORV VLVWHPDVKtEULGRV%'73$\%'2$VHSUHSDUDURQ
ORVFRPSOHMRVFRQORVODQWiQLGRV(X,,,7E,,,\*G,,,
3DUDFRPSUREDU OD IRUPDFLyQGH ORVFRPSOHMRVVH OOHYDURQDFDER
PHGLGDVGHHVSHFWURPHWUtDSRUGLVSHUVLyQGHHQHUJtDVGHUD\RV;(';













'HVSXpV GH FRPSUREDU OD IRUPDFLyQ GH ORV FRPSOHMRV ODV
QDQRSDUWtFXODVVHYROYLHURQDFDUDFWHUL]DUPHGLDQWHGLIUDFFLyQGHUD\RV;
;5' SRU powder X-ray diffraction \ PLFURVFRStD HOHFWUyQLFD GH
WUDQVPLVLyQ 7(0 SRU Transmission electronic microscopy SDUD
DVHJXUDUVH TXH HO SURFHVR GH FRPSOHMDFLyQ FRQ ORV ODQWiQLGRV QR KDEtD
PRGLILFDGR OD HVWUXFWXUD FULVWDOLQD QL OD IRUPD R WDPDxR GH ODV
QDQRSDUWtFXODV(Q OD ILJXUD VHPXHVWUDQ ORVHVSHFWURVGH;5'SDUD
WRGRVORVFRPSOHMRVGHORVVLVWHPDVKtEULGRVHVWXGLDGRV6HSXHGHREVHUYDU





























































MXQWR FRQ ORV UHVXOWDGRVREWHQLGRVGHO(';\GHO DQiOLVLV HOHPHQWDO VH
SXHGHFDOFXODUHOQ~PHURGHLRQHVODQWiQLGRSRUQDQRSDUWtFXOD(QHOFDVR
GH ODV QDQRSDUWtFXODV IXQFLRQDOL]DGDV FRQ '2$ OD FDUJD LyQLFD VH
HQFXHQWUD HQ HO UDQJR GH  LRQHV PLHQWUDV TXH SDUD ODV
QDQRSDUWtFXODV IXQFLRQDOL]DGDV FRQ'73$ OD FDUJD HV GH HQWUH 
FDWLRQHVGH/Q,,,
3RU ~OWLPR VHPLGLHURQ ORV HVSHFWURV GH IOXRUHVFHQFLD SDUD YHU OD
HPLVLyQGHORVFRPSOHMRVGH(X,,,\7E,,,(QODILJXUDVHPXHVWUDQ
ORV UHVXOWDGRV REWHQLGRV SDUD ORV FRPSOHMRV IRUPDGRV FRQ'2$FRPR
XQLGDGUHFHSWRUDMXQWRFRQORVHVSHFWURVGHODVFRUUHVSRQGLHQWHVVDOHV(O




IRUPDGR ORV FRPSOHMRV FRQ 7E,,, PXHVWUDQ ODV FXDWUR EDQGDV









$O DQDOL]DU OD LQWHQVLGDG UHODWLYD GH ODV EDQGDV OD UHODFLyQ HQWUH
'- '- SDUDHOVLVWHPD%/Q,,,'2$HVLQXVXDOPHQWHDOWDORTXH
SRGUtD LQGLFDU OD IRUPDFLyQ GH XQ FRPSOHMRPL[WR FRQ FDUERQDWR 3DUD
DQDOL]DUHVWDSRVLELOLGDGVHUHDOL]DURQYDORUDFLRQHVGHORVVLVWHPDVKtEULGRV
FRQ1D+&2HQXQPHGLRWDPSRQDGRFRQ+(3(6S+ ILJXUD
/D YDORUDFLyQ UHDOL]DGD LQGLFD TXH HO Q~PHUR GH PROpFXODV GH DJXD
FRRUGLQDGDVDOODQWiQLGRSHUPDQHFHFRQVWDQWH\DTXHSRUXQODGRQRVH




















Nanopartículas de bohemita como agentes de contraste. 

SURGXFH QLQJXQD GHVDFWLYDFLyQ GH OD HPLVLyQ GH IOXRUHVFHQFLD DO DxDGLU
FDQWLGDGHV FUHFLHQWHV GH ELFDUERQDWR \ SRU RWUR ODGR QR KD\ QLQJXQD
































&XDQGR VH SURGXFH OD H[FLWDFLyQ GH ORV FRPSOHMRV GH (X,,, \
7E,,, HQ+2 SDUWH GH OD HQHUJtD VH SXHGH WUDQVPLWLU GHVGH HO HVWDGR










ݍா௨ሺூூூሻ ൌ ଵଶ ሾ൬
ଵ
ఛಹమೀ
െ ଵఛವమೀ൰ െ ͲǤʹͷሿ    HF
ݍ்௕ሺூூூሻ ൌ ͷሾ൬ ଵఛಹమೀ െ
ଵ
ఛವమೀ
൰ െ ͲǤͲ͸ሿ    HF
6HOOHYDURQDFDERODVPHGLGDVGHORVWLHPSRVGHYLGDPHGLDSDUD
FRQRFHU HO YDORU GH q GH ORV VLVWHPDV KtEULGRV /RV H[SHULPHQWRV VH
UHDOL]DURQYDULDQGRODVFRQGLFLRQHVGHS+\DGHPiVVHOOHYDURQDFDERODV
PHGLGDVHQDXVHQFLD\HQSUHVHQFLDGHXQDGLVROXFLyQGHFORUXURVyGLFRDO




GH DJXD FRRUGLQDGDV DO *G,,, HQ HO VLVWHPD %*G,,,'2$ 6H
UHDOL]DURQ ORV PLVPRV HVWXGLRV SDUD HO VLVWHPD %/Q,,,'73$ GDQGR
FRPRUHVXOWDGRXQDPROpFXODGHDJXDHQHOVLVWHPD%*G,,,'73$HQ
ODVFRQGLFLRQHVGH WUDEDMRXWLOL]DGDV$GHPiV ODDGLFLyQGHXQGH
1D&O D ODV GLVROXFLRQHV QR SURGXFH QLQJ~Q FDPELR VLJQLILFDWLYR HQ OD
HPLVLyQGHIOXRUHVFHQFLDGHODVPXHVWUDVQLHQHOYDORUGHqORTXHLQGLFD








 W+2PV W'2PV q
(XS+   
 D  
(XS+1D&O   
(XS+   
 E  
(XS+1D&O   
7ES+   
7ES+1D&O   
7ES+   




 ,PiJHQHV GH UHVRQDQFLD PDJQpWLFD \ FiOFXOR GH OD
UHODMDWLYLGDG
3DUDHYDOXDUODHILFDFLDGHORVFRPSOHMRVGH*G,,,GHORVVLVWHPDV


























3DUD FRPSUREDU OD HVWDELOLGDG GH ODV PXHVWUDV FRQ HO WLHPSR VH
UHSLWHURQODVPHGLGDVGHUHODMDWLYLGDGGHVSXpVGHXQPHVWDEOD6yOR
HQ HO FDVR GH ODV PXHVWUDV TXH OOHYDEDQ SUHSDUDGDV XQPHV D S+  VH
SURGXMR OD OLEHUDFLyQ GHO *G,,, GHO FRPSOHMR DO PHGLR DFXRVR FRQ HO
FRUUHVSRQGLHQWHDXPHQWRGHOYDORUGHUHODMDWLYLGDG


















relaxation dispersion VREUH ORV VLVWHPDV%*G,,,'2$\%*G,,,
'73$ ILJXUD  D  & \  & /DV PHGLGDV VH UHDOL]DURQ
VXVSHQGLHQGR ODV QDQRSDUWtFXODV HQ GLVROXFLyQ DFXRVD WDPSRQDGD FRQ
+(3(60DS+\HQGLVROXFLyQDFXRVDWDPSRQDGDFRQWHQLHQGR
XQGHVXUIDFWDQWH

















%*G,,,'2$ \ %*G,,,'73$ QR VH HQFXHQWUDQ PXFKDV GLIHUHQFLDV
HQWUH HOORV DSHVDUTXH ODPROpFXODTXH FRRUGLQD DO*G,,, HVGLIHUHQWH




FDUDFWHUtVWLFRVGH VLVWHPDVFRQXQD URWDFLyQ OHQWD8QDH[SOLFDFLyQSDUD
HVWHFRPSRUWDPLHQWRSRGUtDVHUODSUHVHQFLDGHSHTXHxRVDJUHJDGRVHQODV
GLVSHUVLRQHVFRORLGDOHVGHORVVLVWHPDVKtEULGRV LQFOXVRHQSUHVHQFLDGH















PROpFXODV GH DJXD HQ QXHVWURV VLVWHPDV KtEULGRV VH KDQ OOHYDGR D FDER
PHGLGDVGHYHORFLGDGGHUHODMDFLyQ WUDQVYHUVDOGH2501YDULDQGR OD
WHPSHUDWXUD 6H SUHSDUDURQ GLIHUHQWHV GLVSHUVLRQHV GH QDQRSDUWtFXODV HQ
GLVROXFLyQDFXRVD\FRPRUHIHUHQFLDVHHPSOHyGLVROXFLRQHVDFXRVDVGH















െ ଵ்మೝ೐೑ሻȀ ௠ܲ      HF
௠ܲ ൌ ሾܩ݀ሺܫܫܫሻሿ כ ௤ହହǤହ      HF
VLHQGRT2 \T2r ORV WLHPSRVGH UHODMDFLyQ WUDQVYHUVDO H[SHULPHQWDOHVGHO
FRPSOHMRGH*G,,,\GHODGLVROXFLyQGHUHIHUHQFLDUHVSHFWLYDPHQWHPm
UHSUHVHQWD OD IUDFFLyQPRODUGH ODPROpFXODGHDJXDFRRUGLQDGD\ VHKD
DVXPLGRSDUD ORVFiOFXORVTXHq SDUDHO VLVWHPD%*G,,,'2$\
q SDUD%*G,,,'73$
(QDPERVVLVWHPDVVHSURGXFHXQDGLVPLQXFLyQGHODVYHORFLGDGHV
GH UHODMDFLyQ FRQIRUPH DXPHQWD OD WHPSHUDWXUD OR TXH HV XQD FODUD
LQGLFDFLyQGHTXHVHSURGXFHXQLQWHUFDPELRUiSLGRGHDJXD+D\TXHWHQHU
HQ FXHQWD TXH SRU OD SUHVHQFLD GH SHTXHxRV DJUHJDGRV H[LVWH XQD
SURSRUFLyQGHFRPSOHMRVGH*G,,,TXHQRWLHQHQDFFHVRDODVPROpFXODV
GHDJXD\TXHQRFRQWULEX\HQDODVYHORFLGDGHVGHUHODMDFLyQTXHVHHVWiQ
PLGLHQGR 6LQ HPEDUJR HVWD SURSRUFLyQ SRGUtD YHUVH PRGLILFDGD HQ
IXQFLyQGHODWHPSHUDWXUD/DFRPSOHMLGDGGHOVLVWHPDLPSLGHXQDQiOLVLV
VHQFLOOR GH ORV GDWRV \ GHO FiOFXOR GH OD FRQVWDQWH GH YHORFLGDG GH
LQWHUFDPELRH[DFWD
$SHVDUGHWRGRHOSHUILOGHODFXUYDGHT2rUHSUHVHQWDXQDFODUD
HYLGHQFLD GH TXH ORV FRPSOHMRV GH *G,,, TXH VH HQFXHQWUDQ HQ OD
VXSHUILFLH GH ODV QDQRSDUWtFXODV WLHQHQ XQD YHORFLGDG GH LQWHUFDPELR
UiSLGD \ OR TXH HV PiV LPSRUWDQWH ORV YDORUHV REWHQLGRV VRQ
















ODV GH VXV FRPSOHMRV GH FRRUGLQDFLyQKDQ SHUPLWLGR VX XVR HQGLYHUVDV
DSOLFDFLRQHV ELRPpGLFDV FRPR ORV LQPXQRHQVD\RV OD GHWHFFLyQ GH
SURWHtQDV OD YLVXDOL]DFLyQ GH FpOXODV HWF 'HELGR D HOOR VH GHFLGLy
HYDOXDU ORV VLVWHPDV KtEULGRV FRPSOHMDGRV FRQ (X,,, \ 7E,,, FRPR
DJHQWHVGHFRQWUDVWHGHLPDJHQSDUDVXXVRHQDSOLFDFLRQHVin vivo. 











ODV QDQRSDUWtFXODV VH HQFXHQWUDQ GLVWULEXLGDV HQ HO FLWRSODVPD \
DSDUHQWHPHQWHQRHVWiQGHQWURGHYHVtFXODV6HXWLOL]yHODQWLFXHUSR&'
SDUD FRPSUREDU OD LQFRUSRUDFLyQ GH ORV VLVWHPDV KtEULGRV D ODV
QDQRSDUWtFXODV$GHPiVHOWLHPSRHPSOHDGRWDQWRSDUDODLQFXEDFLyQGH
ODVQDQRSDUWtFXODVFRQODVFpOXODVDVtFRPRHOWLHPSRHPSOHDGRHQOOHYDU
DFDER ORVH[SHULPHQWRVQRSURYRFDURQQLQJ~Q WLSRGH WR[LFLGDGFHOXODU
ILJXUD













SRU HOOD PLVPD \ QHFUyWLFDV PXHUWH FHOXODU SURYRFDGD SRU XQ DJHQWH
H[WHUQRQRFLYRGHXQDPDQHUDUiSLGD\HILFD]
/RVFXOWLYRVFHOXODUHVIXHURQLQFXEDGRVFRQORVVLVWHPDVKtEULGRVHQ





















SDUWH GH HOODV VH HQFXHQWUDQ HQ HO FXDGUDQWH 4 FRUUHVSRQGLHQWH D ODV




Nanopartículas de bohemita como agentes de contraste. 

&RQFOXVLRQHV
6H KDQ SUHSDUDGR \ FDUDFWHUL]DGR HQ GHWDOOH GRV QXHYRV VLVWHPDV
KtEULGRV IRUPDGRV SRU OD XQLyQ GH GRV PROpFXODV RUJiQLFDV '2$ \
'73$ D OD VXSHUILFLH GH QDQRSDUWtFXODV GH ERKHPLWD $GHPiV VH KDQ
IRUPDGRORVFRPSOHMRVGH(X,,,7E,,,\*G,,,
6HKDQHYDOXDGRORVFRPSOHMRVGH*G,,,FRPRSRVLEOHVDJHQWHVGH
FRQWUDVWH/D HOHYDGD FDQWLGDGGH FDWLRQHVSRUQDQRSDUWtFXODRIUHFHXQD
PDJQLILFDFLyQ GH OD VHxDO GH05, TXH SXHGH UHVXOWDU PX\ ~WLO SDUD OD
YLVXDOL]DFLyQGHSHTXHxDVHVWUXFWXUDVFRPRHOFDVRGHFpOXODV(OQ~PHUR
GH PROpFXODV GH DJXD XQLGDV DO *G,,, KD VLGR HO HVSHUDGR SDUD HVWDV
PROpFXODV\VHKDQREWHQLGRYHORFLGDGHVGHLQWHUFDPELRGHDJXDPD\RUHV
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Nanopartículas de bohemita como agentes de contraste. 

















































































GH XQ UHFRQRFLPLHQWR HIHFWLYR GH DQLRQHV HV ~WLO DGHPiV HQ HO FDPSR






H[KLEHQ ORV DQLRQHV IUHQWH D ORV FDWLRQHV /DV HVSHFLHV DQLyQLFDV VRQ
UHODWLYDPHQWHJUDQGHV3RUHMHPSORORVKDOXURVWLHQHQXQWDPDxRPD\RU
TXH VXV FRUUHVSRQGLHQWHV FDWLRQHV LVRHOHFWUyQLFRV /D GLIHUHQWH UHODFLyQ
FDUJDUDGLR PHQRU HQ HO FDVR GH ORV DQLRQHV KDFH TXH OD LQWHUDFFLyQ
HOHFWURVWiWLFDVHDPHQRVHIHFWLYDHQHOFDVRGHODQLyQ3RURWUDSDUWHORV
DQLRQHV WLHQHQHQHUJtDVGHVROYDWDFLyQPiVDOWDVTXH ORVFDWLRQHVFRQ OD






Nanopartículas de bohemita para la detección de sulfato en agua. 

7DEOD5DGLRLyQLFRHQWDOSLDV\HQHUJtDVOLEUHVGHVROYDWDFLyQ
$QLyQ UDGLRSSP '+K\GUN-PRO '*K\GUN-PRO
)   
&O   
%U   
,   
62   
+32   
12   

$XQTXHODFDUJD\HOWDPDxRGHORVDQLRQHVVRQPX\LPSRUWDQWHVD
OD KRUD GH GLVHxDU XQ UHFHSWRU DGHFXDGR HV QHFHVDULR SUHVWDU HVSHFLDO
DWHQFLyQDODIRUPDGHOPLVPR/DDILQLGDGGHXQUHFHSWRUSRUXQFDWLyQ
GHSHQGHHQWUHRWURVIDFWRUHVGHOQ~PHURGHFRRUGLQDFLyQGHOFDWLyQGH











*UDFLDV DO HVIXHU]R UHDOL]DGR HQ HO GHVDUUROOR GHO UHFRQRFLPLHQWR
DQLyQLFR HQ OD ~OWLPD GpFDGD VH KD LQWURGXFLGR HO FRQFHSWR GH GREOH
YDOHQFLDSDUDORVDQLRQHVDOLJXDOTXHH[LVWHSDUDORVFDWLRQHV/DSULPHUD
YDOHQFLDKDUtDUHIHUHQFLDDODFDUJDGHODQLyQHTXLYDOHQWHDODFDUJDGHO
FDWLyQ \ OD VHJXQGD YDOHQFLD HTXLYDOHQWH D OD HVIHUD GH FRRUGLQDFLyQ
HVWDUtD UHSUHVHQWDGD SRU ORV HQODFHV GH KLGUyJHQR IRUPDGRV FRQ XQ
³OLJDQGR´
2WURDVSHFWRDWHQHUHQFXHQWDHQHOUHFRQRFLPLHQWRDQLyQLFRHVOD
VROYDWDFLyQ &RPR VH KD FRPHQWDGR DQWHULRUPHQWH ORV DQLRQHV SRVHHQ
HQHUJtDV GH VROYDWDFLyQ HOHYDGDV HVSHFLDOPHQWH HQ GLVROYHQWHV
KLGUR[tOLFRV \ HQ DJXD SRU OR TXH PXFKRV GH ORV HVWXGLRV TXH VH KDQ
UHDOL]DGRHQHVWHFDPSRKDQXWLOL]DGRGLVROYHQWHVDSRODUHVHYLWDQGRHOXVR
GHGLVROYHQWHVDFXRVRV(QDJXDORVDQLRQHVWLHQHQXQDDOWDFDSDFLGDGGH


























HVWH WUDEDMR GH LQYHVWLJDFLyQ (O VXOIDWR HV XQD HVSHFLH FRQWDPLQDQWH
SUHVHQWH HQ ORV GHVHFKRV QXFOHDUHV TXH LQWHUILHUH HQ ORV SURFHVRV GH






LVRHOHFWUyQLFRV H LVRHVWUXFWXUDOHV HO UHFRQRFLPLHQWR GH XQR GH HOORV HQ
SUHVHQFLD GHO RWUR QR HV DOJR VHQFLOOR $PERV DQLRQHV VRQ GH WLSR
KLGURItOLFR OR TXH KDFH SHQVDU TXH ORV FHQWURV GH UHFRQRFLPLHQWR
KLGURItOLFRVVHUiQPiVHIHFWLYRVTXHORVFHQWURVKLGURIyELFRV/DKLGURILOLD
DQLyQLFDHVWiUHODFLRQDGDFRQODVHULHGH+RIPHLVWHUILJXUD)UDQ]
+RIPHLVWHU HVWDEOHFLy HVWD FODVLILFDFLyQ HQ  D SDUWLU GHO HVWXGLR GH
SUHFLSLWDFLyQGHSURWHtQDVFDXVDGDSRUFLHUWDVVDOHV(QHVWDVHULHH[LVWHQ






















HVSHFLHV SDUD DPERV DQLRQHV $ S+ ILVLROyJLFR HO DQLyQ VXOIDWR VH
HQFXHQWUDQ WRWDOPHQWH GHVSURWRQDGRV PLHQWUDV TXH HO DQLyQ IRVIDWR VH
HQFXHQWUD FRPR XQD PH]FOD DO  GH OD IRUPD PRQRSURWRQDGD \ OD
GLSURWRQDGD /D IRUPD FRPSOHWDPHQWH GHVSURWRQDGD GHO IRVIDWR VyOR VH
SXHGHHQFRQWUDUFXDQGRHOS+HVHOHYDGR


















VXOIDWR\HOFHQWURDFWLYRGH ODSURWHtQDVH OOHYDDFDERVyORD WUDYpVGH








6L QRV FHQWUDPRV HQ HO UHFRQRFLPLHQWR DQLyQLFR HQ GLVROYHQWHV
SRODUHVHOGLVHxRGHUHFHSWRUHVVHKDEDVDGRHQODVtQWHVLVGHPROpFXODV
TXHSUHVHQWDQXQJUDQQ~PHURGHFDUJDVSRVLWLYDV(QHVWHVHQWLGRODFDUJD
























VRQ FDSDFHV GH WUDQVPLWLU ORV HIHFWRV HOHFWUyQLFRV D WUDYpV GH WRGR VX
VLVWHPDGHHQODFHVFRQMXJDGRVORTXHSHUPLWHXQDGHVORFDOL]DFLyQGHOSDU
GH HOHFWURQHV VROLWDULR GHO QLWUyJHQR HQ HO DQLOOR GH FXDWUR PLHPEURV
REWHQLpQGRVHDVtODVIRUPDVGHUHVRQDQFLD]ZLWHULyQLFDVTXHVHYHQHQHO
HVTXHPD(VWDVFDUDFWHUtVWLFDVHVWUXFWXUDOHVVRQODVUHVSRQVDEOHVGHOD















TXHHVWRV UHFHSWRUHVSXHGDQ OOHYDUDFDERXQ UHFRQRFLPLHQWRHILFD] ORV
HVWXGLRV VHKDQ WHQLGRTXH UHDOL]DU HQPHGLRVDSRODUHVRHQPH]FODVGH
GLVROYHQWHVRUJiQLFRVFRQXQEDMRSRUFHQWDMHGHDJXD(QHOHVTXHPD
VHPXHVWUDQYDULRV OLJDQGRVTXHFRQWLHQHQXQLGDGHVGHHVFXDUDPLGD(Q











Nanopartículas de bohemita para la detección de sulfato en agua. 

5HFHSWRUHVKtEULGRV
(Q HO HVTXHPD  VH PXHVWUD OD HVWUXFWXUD GH ORV PDWHULDOHV
































'HVSXpV GH UHDOL]DU XQD UHYLVLyQ GH ORV SRVLEOHV LQGLFDGRUHV VH
GHFLGLy XWLOL]DU XQ LQGLFDGRU iFLGREDVH FRQRFLGR FRPR HV HO YHUGH GH








S+ HQ HO TXH LQGLFDGRU WLHQH VX YLUDMH \D TXH FRPR VH KD
FRPHQWDGRDQWHULRUPHQWH ORVDQLRQHVVXOIDWR\IRVIDWRSUHVHQWDQ
XQDFDUJDGLIHUHQWHHQIXQFLyQGHOS+GHOPHGLR(QHVWHVHQWLGR
\ GDGR TXH XQR GH ORV REMHWLYRV GH HVWH WUDEDMR HV HO
Nanopartículas de bohemita para la detección de sulfato en agua. 

UHFRQRFLPLHQWR VHOHFWLYR GH VXOIDWR VH KD GHFLGLGR HOHJLU XQ
LQGLFDGRUTXHSUHVHQWHVXYLUDMHDS+ViFLGRV
x &RQVWDQWH GH DVRFLDFLyQ 6H KD FRPSUREDGR TXH ORV UHFHSWRUHV
EDVDGRV HQ XQLGDGHV HVFXDUDPtGLFDV SUHVHQWDQ XQD HOHYDGD
FRQVWDQWHGH DVRFLDFLyQ IUHQWH DJUXSRV FDUER[LODWR VXOIRQDWR\
DQiORJRV SRU OR TXH HV UHFRPHQGDEOH TXH HO LQGLFDGRU WHQJD
DOJXQR GH HVWRV JUXSRV SDUD DVHJXUDU OD LQWHUDFFLyQ UHFHSWRU
LQGLFDGRU
x &RQWURO GH S+ (O KHFKR GH WUDEDMDU HQ GLVROXFLyQ DFXRVD KDFH
QHFHVDULR XQ FRQWURO ULJXURVR GHO S+ SDUD DVHJXUDUVH TXH ORV
FDPELRVTXHVHREVHUYDQVHGHEHQDXQSURFHVRGHUHFRQRFLPLHQWR
GHOVXVWUDWR$GHPiVHOKHFKRGHWUDEDMDUHQXQPHGLRWDPSRQDGR
VLUYH SDUD HO FRQWURO GH OD IXHU]D LyQLFD OR TXH HV LPSRUWDQWH
FXDQGRVHWUDEDMDFRQDQLRQHVHQPHGLRVDFXRVRV
(QODILJXUDVHPXHVWUDODHVWUXFWXUD\HOHTXLOLEULRiFLGREDVH
GHO9%(VWH LQGLFDGRU WLHQHXQ LQWHUYDORGHYLUDMHGHDHQDJXD
SXUD(OLQGLFDGRUWLHQHXQJUXSRVXOIRQDWR\XQJUXSRIHQyOLFRTXHYDQD






















































































3RU XQDSDUWH VH HQFXHQWUD OD XQLGDG HVFXDUDPtGLFD \ SRU RWUD SDUWH XQ
JUXSRDPRQLRFXDWHUQL]DGR3DUDHVWXGLDUXQSRFRPiVHOHIHFWRGHFDGD
XQDGHHVWDVXQLGDGHVHQHOUHFRQRFLPLHQWRDQLyQLFRVHKDQVLQWHWL]DGRHO
UHVWR GH VLVWHPDV KtEULGRV TXH VH SUHVHQWDQ HQ HO HVTXHPD  6H KD
VLQWHWL]DGR QDQRSDUWtFXODV GH ERKHPLWD TXH FRQWLHQHQ XQ JUXSR DPRQLR
FXDWHUQL]DGR %1 XQ JUXSR HVFXDUDPLGD %6T XQD DPLQD SULPDULD
SURWRQDGD %1+ \ SRU ~OWLPR XQ VLVWHPD GREOH GH HVFXDUDPLGDV \
DPRQLRVFXDWHUQL]DGRV%6T1HQVXVXSHUILFLH(OSULPHUSDVRSDUD





$ H[FHSFLyQ GHO VLVWHPD %1 HO UHVWR GH PDWHULDOHV KtEULGRV
PXHVWUDQODPLVPDWHQGHQFLDGHFDPELRHQODVEDQGDVGHDEVRUFLyQGHOD
IRUPDiFLGD\EiVLFDGHOLQGLFDGRUTXHORVVLVWHPDVDQWHULRUHVILJXUD




HO VLVWHPD%6T QP\PtQLPD QPSDUD HO VLVWHPD06T1(VWH
GHVSOD]DPLHQWRSXHGHHYLGHQFLDUODIRUPDFLyQGHXQFRPSOHMRTXHQROOHYD
DVRFLDGDXQDPRGLILFDFLyQGHODHVWUXFWXUDGHOFURPyIRURHVGHFLUDGHPiV
GHO HTXLOLEULR GHO VHQVRU KtEULGR FRQ OD IRUPD GLDQLyQLFD GHO 9% HQ





























































TXH OD DGLFLyQ GH QDQRSDUWtFXODV VLQ IXQFLRQDOL]DU FRPR VH DSUHFLD





HQ DPERV FDVRV 6LQ HPEDUJR OD SRVLELOLGDG GH IRUPDU SXHQWHV GH


















UHFHSWRU \ FRPR FRQVHFXHQFLD VH SURGXFH XQ FDPELR HQ HO HVSHFWUR GH




UHFRQRFLPLHQWR GHO DQLyQ SUHVHQWH HQ OD GLVROXFLyQ VH REVHUYD SRU XQ
FDPELRGHFRORUDFLyQKDFLDHODPDULOOR















/RV HIHFWRV HQ ODV YDORUDFLRQHV FRQ HO UHVWR GH DQLRQHV VRQPX\








































H[FHSWR HO DQLyQ GLKLGURJHQRIRVIDWR (O DQLyQ VXOIDWR HV HO ~QLFR TXH
SURGXFHXQLPSRUWDQWHGHVFHQVRGHODEDQGDVLWXDGDDQP3RUORWDQWR
VH SXHGH DILUPDU TXH VH KD GHVDUUROODGR XQ VHQVRU KtEULGR FDSD] GH










VREUH QDQRSDUWtFXODV FX\D QDWXUDOH]D HV GLIHUHQWH \D TXH HQ HO FDVR GH
%6T1 OD VXSHUILFLH HVWi IRUPDGDSRU JDPPDR[RKLGUy[LGRGH DOXPLQR
FULVWDOLQR\HQHOFDVRGHOVLVWHPD06T1ODVXSHUILFLHHVGHVtOLFDDPRUID
3RU HOOR VHSXHGHFRQFOXLUTXH ODVQDQRSDUWtFXODV MXHJDQXQSDSHOPX\
LPSRUWDQWH HQ HO GLVHxRGH VHQVRUHV KtEULGRV\ VX IXQFLyQQR VH UHGXFH
~QLFDPHQWHDODGHVHUHOVRSRUWHGHODVPROpFXODVRUJiQLFDV
$SDUWLUGHORVUHVXOWDGRVREWHQLGRVGHODQiOLVLVHOHPHQWDOVHSXHGH





XQLGDGHV DQWUDFHQR &XDQGR HVWRV VLVWHPDV VH HVWXGLDURQ PHGLDQWH
HVSHFWURVFRStDGHIOXRUHVFHQFLDQRVHREVHUYyODIRUPDFLyQGHH[FtPHURV
HVWiWLFRVORTXHLQGLFDTXHODVPROpFXODVRUJiQLFDVHVWiQVHSDUDGDVFLHUWD
GLVWDQFLD XQDV GH RWUDV HQ OD VXSHUILFLH VyOLGD 0HGLDQWH HO SURJUDPD
+<3(548$'VHSXGLHURQGHWHUPLQDUORVORJDULWPRVGHODVFRQVWDQWHVGH
DVRFLDFLyQ SDUD ORV DQLRQHV HQ ORV TXH VH REVHUYDED UHFRQRFLHPLQWR
REWHQLHQGRXQORJ. SDUDHODQLyQVXOIDWR\XQORJ. 
SDUD OD LQWHUDFFLyQ FRQ GLKLGURJHQRIRVIDWR ORV YDORUHV HQWUH SDUpQWHVLV
LQGLFDQ ODV GHVYLDFLRQHV HVWiQGDU HQ OD ~OWLPD FLIUD VLJQLILFDWLYD (O
FRFLHQWHHQWUHHVWDVGRVFRQVWDQWHVLQGLFDTXHHOVLVWHPD%6T1WLHQHXQD
VHOHFWLYLGDG GH VXOIDWR VREUH GLKLGURJHQRIRVIDWR GH  YHFHV (VWH
FRPSRUWDPLHQWRVHSXHGHH[SOLFDUWHQLHQGRHQFXHQWDTXHODFDUJDHQHO
Nanopartículas de bohemita para la detección de sulfato en agua. 

IRVIDWR\HO VXOIDWRHVGLIHUHQWH DS+0LHQWUDVTXHHO VXOIDWRHVXQ
GLDQLyQHOIRVIDWRVHSUHVHQWDFRPRPRQRDQLyQ6LQHPEDUJRTXHGDSRU
DFODUDU SRUTXH PLHQWUDV HO UHVWR GH DQLRQHV PRQRYDOHQWHV QR FRQVLJXH
GHVSOD]DU DO LQGLFDGRU GHO UHFHSWRU KtEULGR HO GLKLGURJHQRIRVIDWR Vt OR
FRQVLJXH8QDSRVLEOHH[SOLFDFLyQUHVLGHHQODKDELOLGDGGHHVWHDQLyQSDUD
DFWXDUFRPRGDGRUGHHQODFHVGHKLGUyJHQR
3DUD HYDOXDU OD YLDELOLGDGGH HVWH SURFHGLPLHQWR H[SHULPHQWDO VH




































Nanopartículas de bohemita para la detección de sulfato en agua. 

7DEOD&RQVWDQWHV GH EDVLFLGDG GH YDULRV GH ORV DQLRQHV XWLOL]DGRV HQ HVWH
WUDEDMR
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(Q EDVH D ORV UHVXOWDGRV REWHQLGRV VH GHFLGLy VLQWHWL]DU XQD
YDULHGDGGHOLJDQGRVRUJiQLFRVHQORVTXHYDULDEDHOWLSR\HOQ~PHURGH
SXQWRVGHXQLyQ$FRQWLQXDFLyQVHGLVFXWHQORVUHVXOWDGRVREWHQLGRVSDUD
ORV HQVD\RVGHGHVSOD]DPLHQWR FRQ ORVGLIHUHQWHV DQLRQHV HVWXGLDGRV$
GLIHUHQFLDGHORVDQWHULRUHVVLVWHPDVVHSXHGHREVHUYDUXQDGLVPLQXFLyQ
GHODLQWHQVLGDGGHDEVRUFLyQGHODIRUPDEiVLFD\XQDXPHQWRGHODIRUPD
iFLGD GHO LQGLFDGRU HQ PD\RU R PHQRU PHGLGD DO LU DxDGLHQGR
FRQFHQWUDFLRQHV FUHFLHQWHV GH DQLyQ HQ WRGDV ODV YDORUDFLRQHV OR TXH
LQGLFDUtD TXH HQ WRGRV ORV FDVRV KD\ XQLyQ GHO DQLyQ DO UHFHSWRU
HVFXDUDPtGLFRGHVSOD]DQGRDO9%6LQHPEDUJRQRVRQORV~QLFRVFDPELRV
TXHVHSXHGHQREVHUYDUHQORVHVSHFWURVGHDEVRUFLyQ\DTXHSDUDDTXHOORV
VLVWHPDV HQ ORV TXH VH SURGXFH XQ UHFRQRFLPLHQWR HILFD] GHO DQLyQ










































































(Q OD ILJXUD  VH PXHVWUDQ FRPR HMHPSOR LPiJHQHV GH ODV
GLVROXFLRQHV WUDV ODV YDORUDFLRQHV FRQ ORV DQLRQHV SDUD HO VLVWHPD 9%
%1+'HL]TXLHUGDDGHUHFKDDSDUHFHODGLVROXFLyQLQLFLDOGHLQGLFDGRU































































3DUD SRGHU FRPSDUDU ORV UHVXOWDGRV HQ VX FRQMXQWR VH KD
UHSUHVHQWDGR GH QXHYR OD UHODFLyQ HQWUH OD DEVRUFLyQ Pi[LPD SLFR \
PtQLPDYDOOHSDUDODIRUPDiFLGDGHOLQGLFDGRUSDUDFDGDDQLyQ\VLVWHPD
ILJXUD  (V PX\ LPSRUWDQWH GHVWDFDU TXH HO VLVWHPD %1+ TXH
FRQVLVWH HQXQDDPLQDSULPDULDSURWRQDGD HV FDSD]GHGHWHFWDU WDQWRDO















$ SDUWLU GH ODV YDORUDFLRQHV UHDOL]DGDV HQ ORV HQVD\RV GH
GHVSOD]DPLHQWRVHKDQFDOFXODGRGHQXHYRORVORJDULWPRVGHODVFRQVWDQWHV
DVRFLDGDV DO HTXLOLEULRGH GHVSOD]DPLHQWR GHO9% WDEOD 'H IRUPD
JHQHUDO VH SXHGH GHFLU TXH HO VXOIDWR HV HO DQLyQ TXH LQWHUDFFLRQDPiV







 %6T %6T1 %1+
) D  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&O 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 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%U   
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  
&1   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D /RV Q~PHURV HQWUH SDUpQWHVLV LQGLFDQ ODV GHVYLDFLRQHV HVWiQGDU HQ OD
~OWLPDFLIUDVLJQLILFDWLYD
7RGDVODVFXUYDVVHDMXVWDQHQPD\RURPHQRUJUDGRDXQPRGHOR










IDYRUHFHUtD XQD VHJXQGD LQWHUDFFLyQ HQWUH OD XQLGDG HVFXDUDPLGtFD





(Q HVWH FDStWXOR GH WHVLV VH KD PRGLILFDGR OD VXSHUILFLH GH
QDQRSDUWtFXODV GH ERKHPLWD FRQ OLJDQGRV TXH FRQWHQtDQ XQLGDGHV
HVFXDUDPtGLFDVDPLQDVFXDWHUQL]DGDVRXQDFRPELQDFLyQGHHOODV$GHPiV
VH KD LQWURGXFLGR FRPR DOWHUQDWLYD D OD DPLQD FXDWHUQL]DGD XQD DPLQD
SULPDULD SURWRQDGD (VWR KD SHUPLWLGR OD VtQWHVLV GH TXLPLRVHQVRUHV











HQ OD RUJDQL]DFLyQ \ OD SUHFRQFHQWUDFLyQ GH ODV PROpFXODV RUJiQLFDV
IDYRUHFLHQGR OD GHVROYDWDFLyQ GH ORV DQLRQHV \ VX LQWHUDFFLyQ FRQ ODV
PROpFXODVRUJiQLFDV$SDUWLUGHHVWRVUHVXOWDGRVREWHQLGRVVHGHPXHVWUD




x 3HUPLWHQ HO XVR GH PROpFXODV VHQFLOODV TXH SRU Vt VRODV QR
SURGXFLUtDQQLQJ~QHIHFWR



















	 6RQV /WG QG HGQ  E -0 /HKQ Supramolecular Chemisry: 
Concepts and Perspectives 9&+ :HLQKHLP *HUPDQ\  F $
























>@ D 3 $ *DOH Amide- and Urea-Based Anion Receptors, in 


















































(O FDStWXOR  VH KD FHQWUDGR HQ HO GHVDUUROOR GH XQ TXLPLRVHQVRU
FDSD] GH UHFRQRFHU VXOIDWR HQ DJXD 6LQ HPEDUJR GHQWUR GHO JUXSR GH
DQLRQHV PiV HVWXGLDGRV WDPELpQ VH HQFXHQWUD HO \RGXUR WDQWR SRU VX
LPSRUWDQFLDELROyJLFDFRPRPHGLRDPELHQWDO(VWHDQLyQHVXQDGLDQDGH
HVSHFLDO LQWHUpV \D TXH VH HQFXHQWUD GHQWUR GH ORV PLFURQXWULHQWHV
HVHQFLDOHVSDUDHOFUHFLPLHQWRGHOVHUKXPDQR\MXHJDXQSDSHOFODYHHQOD
IXQFLyQ GH OD JOiQGXOD WLURLGHD 7DQWR XQ GHIHFWR FRPR XQ H[FHVR GH






OD IDEULFDFLyQ GH PHGLFLQDV 3RU OR WDQWR HV LPSRUWDQWH GHVDUUROODU
PpWRGRV TXH VHDQ UiSLGRV VHQVLEOHV \ VHOHFWLYRV SDUD OD GHWHFFLyQ GH
\RGXUR HQ SURGXFWRV IDUPDFpXWLFRV DOLPHQWDULRV R LQFOXVR HQPXHVWUDV
ELROyJLFDV
(Q OD ELEOLRJUDItD H[LVWHQ GLIHUHQWHV PHWRGRORJtDV TXH VH KDQ
GHVDUUROODGRGHFDUDDODGHWHFFLyQGHHVWHDQLyQ(QWUHHOORVVHHQFXHQWUDQ
OD FURPDWRJUDItD OD HOHFWURIRUHVLV FDSLODU R OD DEVRUFLyQ DWyPLFD 6LQ
HPEDUJRWRGDVHVWDVWpFQLFDVVHFDUDFWHUL]DQSRUHOXVRGHLQVWUXPHQWDFLyQ
PX\ VRILVWLFDGD \ GH HOHYDGR SUHFLR \ HQ OD PD\RUtD GH ORV FDVRV HV
QHFHVDULRXQSUHWUDWDPLHQWRGHODVPXHVWUDV(QHVWHVHQWLGRHVSUHIHULEOH
HO HPSOHR GH HQVD\RV FRORULPpWULFRV R IOXRULPpWULFRV GHELGR D VX DOWD
VHQVLELOLGDGEDMRFRVWHDVtFRPRDODVHQFLOOH]GHODLQVWUXPHQWDFLyQ\OD

















IRVIRUHVFHQFLD WLHQH WLHPSRV GH YLGD ODUJRV QR VH VXHOH REVHUYDU HQ














GHVDFWLYDGRUD VHDQ DOWHUDGDV TXtPLFDPHQWH HQ HO SURFHVR 6H SXHGHQ








/D GHVDFWLYDFLyQ GH OD HPLVLyQ GH IOXRUHVFHQFLD GH FLHUWRV
FRPSXHVWRV DURPiWLFRV GHELGR D OD SUHVHQFLD GH DQLRQHV KDOXURV HV
FRQRFLGDGHVGHKDFH\DDxRV([LVWHQWUDEDMRVHQORVTXHVHKDHPSOHDGR
TXLQLQD QDIWDOHQR FRXPDULQD URGDPLQD \ YDULRV KHWHURFLFORV
SROLQXFOHDUHVDURPiWLFRVFRPRXQLGDGHVIOXRUHVFHQWHVSDUDODGHWHFFLyQ
GH KDOXURV \ DOJXQRV pseudoKDOXURV FLDQXUR WLRFLDQDWR HWF &RPR















GHO XVR GH QDQRPDWHULDOHV HQ OD VtQWHVLV GH TXLPLRVHQVRUHV SDUD HO
UHFRQRFLPLHQWRGHHVSHFLHVFDUJDGDVHQGLVROXFLyQDFXRVD$GHPiVVHKDQ
SUHSDUDGR QDQRSDUWtFXODV GH GLIHUHQWHVPDWHULDOHV \ WDPDxRV OR TXH KD
SHUPLWLGRHVWXGLDUODHIHFWLYLGDGGHODUHDFFLyQGHIXQFLRQDOL]DFLyQGHOD
VXSHUILFLHFRQGLIHUHQWHVPROpFXODVRUJiQLFDVDVtFRPRODVHQVLELOLGDG\
OD HIHFWLYLGDG GHO TXLPLRVHQVRU KtEULGR ILQDO 2WUD FDUDFWHUtVWLFD TXH
SUHVHQWD HO XVR GH QDQRPDWHULDOHV HQ HO GLVHxR GH TXLPLRVHQVRUHV HV OD
SRVLELOLGDG GH PHMRUDU OD HILFDFLD GHO VLVWHPD KtEULGR UHVSHFWR D OD




















1SL D OD VXSHUILFLH GH QDQRSDUWtFXODV GH ERKHPLWD %7SL \ %1SL
UHVSHFWLYDPHQWH$GHPiVVHKDDQFODGRXQDFDGHQDTXHFRQWLHQHXQ~QLFR
iWRPRGDGRUSDUDHVWXGLDUODLQIOXHQFLDGHODORQJLWXGGHODFDGHQDHQOD
UHVSXHVWD IRWRTXtPLFD GHO TXLPLRVHQVRU %1SL 3RU ~OWLPR VH KD
PRGLILFDGRODVXSHUILFLHGHODERKHPLWD~QLFDPHQWHFRQXQLGDGHVSLUHQR
Nanopartículas de bohemita para la detección de yoduro en agua. 






(Q HO FDVR GH OLJDQGRV SROLDPtQLFRV QR VRSRUWDGRV HV SRVLEOH
HVWXGLDU OD EDVLFLGDG GH ODV DPLQDV SUHVHQWHV HQ OD HVWUXFWXUDPHGLDQWH
HVWXGLRVSRWHQFLyPHWULFRV0HGLDQWHHVWDWpFQLFDVHSXHGHQGHWHUPLQDUODV

















GRVSULPHUDVPiVEiVLFDV ORJ. \ ORJ. \XQD WHUFHUD
LQWHUPHGLD ORJ.    )LMiQGRQRV HQ OD HVWUXFWXUD TXtPLFD GHO




ORV VHFXQGDULRV GHELGR D OD PHMRU VROYDWDFLyQ GH ORV JUXSR DPLQR
SULPDULRV/DWHUFHUD\~OWLPDSURWRQDFLyQFRUUHVSRQGHUtDDOJUXSRDPLQR
VHFXQGDULRGHODFDGHQDIXQFLRQDOL]DGDFRQHOSLUHQR
/D SROLDPLQD OLQHDO 1SL SUHVHQWD GRV FRQVWDQWHV GH SURWRQDFLyQ
UHODWLYDPHQWHDOWDVORJ. \ORJ. \RWUDFRQVWDQWHPXFKR
PiVEDMDORJ. 6HSXHGHSURSRQHUXQDVHFXHQFLDGHSURWRQDFLyQ
HQ EDVH D ODPLQLPL]DFLyQ GH OD UHSXOVLyQ FXORPELDQD TXH H[LVWH HQWUH
FDUJDV GHO PLVPR VLJQR /RV GRV SULPHURV SURWRQHV VH VLW~DQ OR
VXILFLHQWHPHQWH DOHMDGRV SDUD TXH QR H[LVWD UHSXOVLyQ HQWUH FDUJDV GHO
PLVPRVLJQRSRU ORTXH ODHQWUDGDGHO WHUFHUSURWyQVHSURGXFLUtDHQHO





VHPXHVWUDQ ORVGLDJUDPDVGHGLVWULEXFLyQSDUD ORV OLJDQGRV7SL\1SL
FDOFXODGRVDSDUWLUGHORVGDWRVGHODWDEOD




















DGHPiV SDUD OD DVLJQDFLyQ GH ODV GLVWLQWDV VHxDOHV VH KDQ UHDOL]DGR
HVSHFWURVGHFRUUHODFLyQGH501+&+64&/DQXPHUDFLyQGHORV
































SURPHGLR \D TXH HQ ORV HVWDGRV GH SURWRQDFLyQ LQWHUPHGLRV GH XQD















Nanopartículas de bohemita para la detección de yoduro en agua. 

(Q OD ILJXUD  VH PXHVWUDQ ORV HVSHFWURV GH 501 GH & D















C3 C5 C4 C1

































Nanopartículas de bohemita para la detección de yoduro en agua. 

(Q OD ILJXUD  VH PXHVWUDQ ORV UHVXOWDGRV REWHQLGRV SDUD ODV
PHGLGDVGH501GH&&XDQGRVHSDVDGHYDORUHVGHS+DS+
WLHQHOXJDUODSULPHUDSURWRQDFLyQTXHDIHFWDDO1SRUORTXHHOFDPELR
PiV VLJQLILFDWLYR VH DSUHFLD HQ HO GHVSOD]DPLHQWR GH OD VHxDO GH &
&XDQGRHOS+VHDMXVWDVREUH ODVHJXQGDSURWRQDFLyQWLHQHOXJDUGH
PDQHUD PD\RULWDULD VREUH 1 SDUD FRQVHJXLU TXH ODV UHSXOVLRQHV
HOHFWUyQLFDVHQWUHFDUJDVVHDQPtQLPDSRUORTXHODVHxDOFRUUHVSRQGLHQWH
D & HV OD TXH VXIUH XQ PD\RU GHVSOD]DPLHQWR 3RU ~OWLPR OD WHUFHUD
SURWRQDFLyQ WLHQH OXJDU FXDQGR VH DFLGLILFD OD GLVROXFLyQ KDVWD S+  \






























$ SDUWLU GH ORV GDWRV REWHQLGRV GH 501 VH SXHGH SODQWHDU OD






















$ OD KRUD GH WUDEDMDU FRQ ORV VLVWHPDV KtEULGRV VH REWXYLHURQ HQ




















ELHQ GHILQLGDV FHQWUDGDV D  QP  QP \  QP \ XQ SHTXHxR
KRPEUR VLWXDGR D  QP 'DGR TXH ORV HVWDGRV HOHFWUyQLFRV \
YLEUDFLRQDOHVVHHQFXHQWUDQDFRSODGRV ODVEDQGDVGHHPLVLyQVXHOHQVHU
PX\~WLOHVSDUDHVWXGLDUODSRODULGDGGHOPHGLR$VtHQPHGLRVKLGUyIRERV




(Q WRGRV ORV FDVRV VHPDQWXYR OD DEVRUFLyQDQPFRQVWDQWH\
PHQRUDXQLGDGHV&RPRVHSXHGHYHUHQODJUiILFDWRGDVODVPXHVWUDV
SUHVHQWDQ XQD HPLVLyQ FRUUHVSRQGLHQWH DO PRQyPHURPX\ LQWHQVD \ HQ
QLQJXQR GH ORV FDVRV VH DSUHFLD XQD DSDULFLyQ GH XQD EDQGD
FRUUHVSRQGLHQWH D OD IRUPDFLyQ GH H[FtPHUR (Q HO FDVR GH ODV
QDQRSDUWtFXODV IXQFLRQDOL]DGDV OD DXVHQFLD GH H[FtPHUR SRQH GH
PDQLILHVWRTXHODVPROpFXODVGHSLUHQRVHHQFXHQWUDQVHSDUDGDVHQWUHVtHQ
OD VXSHUILFLH GH ODV QDQRSDUWtFXODV OR VXILFLHQWHPHQWH SDUD LPSHGLU VX
DSLODPLHQWR (Q HO FDVR GH ODVPROpFXODV OLEUHV WDPSRFR VH REVHUYD OD
IRUPDFLyQ GH H[FtPHURV LQWUDPROHFXODUHV QL LQWHUPROHFXODUHV HQ ODV
FRQGLFLRQHVGHFRQFHQWUDFLyQDODTXHVHHVWiWUDEDMDQGR











KD SHUPLWLGR FRQRFHU OD VHFXHQFLD GH SURWRQDFLyQ GH ORV PLVPRV /D
SUHVHQFLDGHXQ IOXRUyIRURFHUFDGHJUXSRVDPLQRSHUPLWHFRUURERUDU OD




















FDStWXOR  ORV iWRPRV GDGRUHV FRQ SDUHV GH HOHFWURQHV VROLWDULRV HQ
QXHVWUR FDVR JUXSRV DPLQR VHFXQGDULRV VRQ FDSDFHV GH GHVDFWLYDU OD
HPLVLyQ GH IOXRUHVFHQFLD GHELGR D XQ PHFDQLVPR GH WUDQVIHUHQFLD




HQ XQ LQWHUYDOR GH S+ FRPSUHQGLGR HQWUH  \  PDQWHQLHQGR OD
DEVRUFLyQ D  QP SRU GHEDMR GH  XQLGDGHV (Q OD ILJXUD  VH
PXHVWUDQORVUHVXOWDGRVREWHQLGRVSDUDHOVLVWHPD7SL/DUHSUHVHQWDFLyQ









OD GHVSURWRQDFLyQ GH OD DPLQD VHFXQGDULD SUHVHQWH HQ OD HVWUXFWXUD GHO
OLJDQGRSURGXFHODGHVDFWLYDFLyQGHODHPLVLyQ








OLEUH VH SXHGH FRPSDUDU FRQ ORV UHVXOWDGRV REWHQLGRV SDUD HO VLVWHPD
KtEULGR HQ HO TXH VH KD DQFODGR HO 7SL VREUH OD VXSHUILFLH GH ODV





FRPSDUDPRVHVWRV UHVXOWDGRVFRQ ORVREWHQLGRVSDUDHO OLJDQGR OLEUH VH
REVHUYDTXHODEDVLFLGDGGHORVJUXSRVDPLQRQRVHYHPRGLILFDGDFXDQGR
HOOLJDQGRVHHQFXHQWUDHQXQDVXSHUILFLHVyOLGD\GHQXHYRHVODSpUGLGD
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GHELGR D OD WUDQVIHUHQFLD HOHFWUyQLFD GHO SDU GH HOHFWURQHV VROLWDULR DO
Capítulo 9. 

IOXRUyIRUR &XDQGR VH SLHUGH HO VHJXQGR SURWyQ VLWXDGR HQ OD DPLQD
VHFXQGDULDFHUFDQDDOSLUHQRVHSURGXFHODWRWDOLGDGGHODGHVDFWLYDFLyQGH
ODHPLVLyQGHELGRGHQXHYRDXQHIHFWR3(76LVHFRPSDUDQORVUHVXOWDGRV
REWHQLGRV SDUD OD FDGHQD DELHUWD FRQ ORV GHO VLVWHPD KtEULGR%1SL VH
FRPSUXHEDGHQXHYRTXHODXQLyQFRYDOHQWHGHORVOLJDQGRVRUJiQLFRVDOD



















































IOXRUHVFHQFLDGHORVVLVWHPDVKtEULGRV%1SL %1SL \%7SL IUHQWHDO
S+OHPLV QP
(VWH VLVWHPD PXHVWUD OD PLVPD SpUGLGD HQ OD HPLVLyQ GH
IOXRUHVFHQFLD TXH HO UHVWR GH VLVWHPDV KtEULGRV FXDQGR VH GHVSURWRQD HO










OXJDU HQ QXHVWURV VLVWHPDV VH SXHGH UHFXUULU D XQD VHULH GH SDUiPHWURV
FLQpWLFRVPX\~WLOHV FRPR HO UHQGLPLHQWR FXiQWLFR ) ORV WLHPSRVGH




(QQXHVWURFDVR VH WLHQHQSURFHVRVXQLPROHFXODUHVSRU ORTXH OD
YHORFLGDG GH GHVDFWLYDFLyQ VLJXH XQD FLQpWLFD GH SULPHU RUGHQ (Q OD









kĲkĭ         HF
(QODWDEODVHUHFRJHQORVUHVXOWDGRVREWHQLGRVSDUDORVWLHPSRV
GHYLGDPHGLDORVUHQGLPLHQWRVFXiQWLFRV\ODVFRQVWDQWHVGHYHORFLGDGGH




\ 1SL (VWRV UHVXOWDGRV VRQ FRPSDUDEOHV D ORV HQFRQWUDGRV HQ OD








 ĭ ĲQV NU[V NQU[V
7SL    
%7SL    
1SL    
%1SL    










HO UHQGLPLHQWR FXiQWLFR IXH PHQRU GHO  OR TXH UDWLILFD TXH OD
GHVDFWLYDFLyQ GH OD HPLVLyQ GH IOXRUHVFHQFLD GHO SLUHQR HV GHELGD D OD
LQWHUDFFLyQFRQHOVRSRUWHVyOLGR
















































 S+  S+  S+  
7SL   
%7SL   
%1SL   
%1SL   

(Q FXDQWR D OD FLQpWLFD GH OD GHVDFWLYDFLyQ GH IOXRUHVFHQFLD HQ
WRGRV ORV FDVRV ORV UHVXOWDGRV VH DMXVWDQ D XQD GHVDFWLYDFLyQ GH SULPHU
RUGHQ$GHPiVDOVRSRUWDUORVOLJDQGRVHQODVXSHUILFLHGHODERKHPLWDVH
SURGXFHXQDXPHQWRHQODYHORFLGDGGHGHVDFWLYDFLyQQRUDGLDWLYDUHVSHFWR
















































































VH KD GHFLGLGR UHDOL]DU HO HVWXGLR GH UHFRQRFLPLHQWR DQLyQLFR D S+ 
PDQWHQLHQGRODWHPSHUDWXUDFRQVWDQWHD./RVDQLRQHVTXHVH
KDQHVWXGLDGRKDQVLGRIOXRUXURFORUXUREURPXUR\\RGXUR
(Q OD ILJXUD  VH UHSUHVHQWDQ ORV FDPELRV SURGXFLGRV HQ OD
HPLVLyQ GH IOXRUHVFHQFLD GHO UHFHSWRU %1SL FRQIRUPH VH DGLFLRQDQ
FDQWLGDGHV FUHFLHQWHV GH IOXRUXUR \ \RGXUR /D DGLFLyQ GH IOXRUXUR QR
DIHFWDDODLQWHQVLGDGGHOHVSHFWURGHHPLVLyQ3RUHOFRQWUDULRFXDQGRVH
DGLFLRQD\RGXURDXQDGLVSHUVLyQGHQDQRSDUWtFXODVGH%1SLVHSURGXFH
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(Q OD ILJXUD VHKDFRPHQWDGR ODYDULHGDGGHPHFDQLVPRVTXH
SXHGHQH[SOLFDUXQSURFHVRGHGHVDFWLYDFLyQGHODIOXRUHVFHQFLD(QHOFDVR





















ODHVSHFLHGHVDFWLYDGRUD 4HQHO HVWDGR IXQGDPHQWDO\HVWDDVRFLDFLyQ
SXHGHLQGXFLUFDPELRVHQODVSURSLHGDGHVGHOIOXRUyIRURGHPDQHUDTXHQR
VH SURGXFH OD SRVWHULRU GHVDFWLYDFLyQ UDGLDWLYD 2WUD SRVLELOLGDG HV OD
GHVDFWLYDFLyQGLQiPLFDGRQGHODYXHOWDDOHVWDGRIXQGDPHQWDOVHSURGXFH
SRU FROLVLyQ HQWUH HO HVWDGR H[FLWDGR \ OD HVSHFLH 4 (VWH SURFHVR HVWi










SVQ Kk   W     HF
WQSV kK         HF
'RQGH , H , VRQ ODV LQWHQVLGDGHV GH IOXRUHVFHQFLD HQ DXVHQFLD \ HQ
SUHVHQFLD GH 4 UHVSHFWLYDPHQWH N4 HV OD FRQVWDQWH TXH GHVFULEH OD
YHORFLGDGGHGHVDFWLYDFLyQELPROHFXODU\WHVHOWLHPSRGHYLGDPHGLDHQ
DXVHQFLDGH4
(Q OD ILJXUD  VH PXHVWUDQ ORV FDPELRV HQ OD HPLVLyQ GH












FRQVWDQWHV GH 6WHUQ9ROPHU SDUD ORV VLVWHPDV %1SL %7SL \ 7SL VH
PXHVWUDQHQODVILJXUDV\UHVSHFWLYDPHQWH/RVUHVXOWDGRV
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>.,@ 0D K69 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Capítulo 9. 
















SRU FROLVLyQ VH YHD IDYRUHFLGD 'H QXHYR OD WRSRORJtD GH OD PROpFXOD
RUJiQLFD MXHJDXQSDSHO LPSRUWDQWH HQHOSURFHVRGH UHFRQRFLPLHQWRGH
\RGXURHQODGLVROXFLyQ
3RU OR WDQWR GDGR TXH H[LVWH FLHUWD LQWHUDFFLyQ HQWUH OD FDGHQD
SROLDPLQLFD WULSRGDO\ HO\RGXUR HQ HO HVWDGR IXQGDPHQWDO QR VHSXHGH
H[FOXLU GH IRUPD GHILQLWLYD XQD FRQWULEXFLyQ HVWiWLFD DO PHFDQLVPR GH
GHVDFWLYDFLyQ GHO SLUHQR'HPDQHUD JHQHUDO VH KD HVWDEOHFLGR TXH XQD
FRPELQDFLyQ GH DPERVPHFDQLVPRV GHVDFWLYDFLyQ GLQiPLFD \ HVWiWLFD
SURGXFHXQDFXUYDWXUDHQODUHSUHVHQWDFLyQGHODJUiILFDGH6WHUQ9ROPHU
6LQ HPEDUJR H[LVWHQ HMHPSORV HQ ORV TXH OD FXUYDWXUD HV DSHQDV
DSUHFLDEOH(QHVWRVFDVRVODUHODFLyQĭĭ ĲĲQRVHSXHGHDSOLFDU3RU




3DUD SRGHU FRUURERUDU HVD SRVLEOH LQWHUDFFLyQ HQWUH HO 7SL \ HO
\RGXUR HQ GLVROXFLyQ DFXRVD VH UHDOL]DURQ HVWXGLRV GH FRPSOHMDFLyQ













IOXRUHVFHQFLD VH SURGXFH DGHPiV D WUDYpV GH XQ PHFDQLVPR GH
































 %LDQFKLet al.KDQHVWXGLDGR OD LQWHUDFFLyQGH ODFDGHQD WULSRGDO
WULVDPLQRHWLODPLQDODPLVPDTXHIRUPDSDUWHGHORVVLVWHPDV7SL\
%7SL FRQ GLIHUHQWHV DQLRQHV FRPR HO 12í 62í \ +32íPHGLDQWH
SRWHQFLRPHWUtD$SDUWLUGHORVUHVXOWDGRVREWHQLGRVVHKDFRPSUREDGR
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GHO\RGXURDS+ILJXUD(QHOFDVRGHODLQWHUDFFLyQFRQ\RGXUR
OD LQWHUDFFLyQ GHO DQLyQ ORV JUXSRV DPLQR SURWRQDGRV SUHVHQWHV HQ OD
FDGHQD IDYRUHFH OD SUR[LPLGDG R OD DFFHVLELOLGDG GHO \RGXUR DO SLUHQR
KDFLHQGRTXHHOSURFHVRGHGHVDFWLYDFLyQSRUFROLVLyQVHDPiVHILFD]TXH








OLJDQGR 7SL FRQ 62í \ +32í GHWHUPLQDGRV HQ 1D&O  PROāGP D
.
5HDFFLyQ , 62 +32
+/$'+/$D E  
+/$'+/$   

















3DUD FRQRFHU OD VHQVLELOLGDG GHO SURFHVR GH UHFRQRFLPLHQWR GH
\RGXURVHKDPHGLGRHOOtPLWHGHGHWHFFLyQ/'SDUDWRGRVORVVLVWHPDV
(OOtPLWHGHGHWHFFLyQ/'VHGHILQHFRPRODPtQLPDFDQWLGDGGHVXVWUDWR
QHFHVDULD SDUD SURGXFLU XQD UHVSXHVWD GLIHUHQWH D OD GHO EODQFR TXH HQ
QXHVWURFDVRVHUtDHOVLVWHPDKtEULGRHQDXVHQFLDGH\RGXURYHUDSDUWDGR










GH \RGXUR UHFRPHQGDEOH HQ HO DJXD GH FRQVXPR VHJ~Q OD RUJDQL]DFLyQ
\ [(
5ð 
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6H KDQ HVWXGLDGR ODV SURSLHGDGHV IRWRTXtPLFDV GH YDULDV
SROLDPLQDVFRQGLIHUHQWHWRSRORJtDTXHFRQWLHQHQXQLGDGHVGHSLUHQRHQVX
HVWUXFWXUD$GHPiVGHHVWXGLDUHVWRVOLJDQGRVHQGLVROXFLyQDFXRVDVHKDQ
DQFODGR D OD VXSHUILFLH GH QDQRSDUWtFXODV GH ERKHPLWD GH  QP GH
GLiPHWUR 7DQWR ORV OLJDQGRV HQ VX IRUPD OLEUH FRPR DQFODGRV HQ ODV
QDQRSDUWtFXODVKDQGHPRVWUDGR VHU VHOHFWLYRVSDUD\RGXUR IUHQWHDRWURV
KDOXURV\DQLRQHV$GHPiVVHKDPHGLGRHOOtPLWHGHGHWHFFLyQREWHQLHQGR
UHVXOWDGRVPX\SURPHWHGRUHVSDUDWRGRVORVVLVWHPDV







HQ HO SURFHVR GH UHFRQRFLPLHQWR GH \RGXUR \D TXH HQ HO FDVR GH OD
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6XSUDPROHFXODU FKHPLVWU\ KDV EHHQ GHILQHG DV ³WKH FKHPLVWU\
EH\RQGWKHPROHFXOH´,QWHUPROHFXODUQRQFRYDOHQWERQGVDUHWKHGULYLQJ
IRUFHVIRUFRQVWUXFWLQJKLJKO\FRPSOH[V\VWHPVE\SUHRUJDQL]DWLRQRIWKH




WR JR D VWHS IRUZDUG LQ WKH GHVLJQ DQG JHQHUDWLRQ RI ZHOOGHILQHG
IXQFWLRQDOPROHFXODUDQGVXSUDPROHFXODUDUFKLWHFWXUHVRIQDQRPHWULFVL]H
WKURXJKVHOIRUJDQL]DWLRQRI WKHUHFHSWRUV ,Q WKLVVHQVH WKHDGYDQFHV LQ
QDQRWHFKQRORJ\KDYHSURYLGHGDYDULHW\RIQDQRVWUXFWXUHGPDWHULDOVZLWK
KLJKO\ FRQWUROOHG DQG H[FHSWLRQDO SURSHUWLHV 7KH GLVFRYHU\ RI QRYHO
PDWHULDOVSURFHVVHVDQGSKHQRPHQDDWWKHQDQRVFDOHDQGWKHGHYHORSPHQW
RIQHZH[SHULPHQWDODQGWKHRUHWLFDOWHFKQLTXHVIRUUHVHDUFKSURYLGHIUHVK
RSSRUWXQLWLHV IRU WKH GHYHORSPHQW RI LQQRYDWLYH QDQRV\VWHPV DQG
QDQRVWUXFWXUHGPDWHULDOV7KHSURSHUWLHVRIPDWHULDOVDWWKHQDQRVFDOHFDQ
EH YHU\ GLIIHUHQW IURP WKRVH DW D ODUJHU VFDOH $PRQJ WKHVH PDWHULDOV
QDQRSDUWLFOHV H[KLELW DQ LQWHQVH LQWHUHVWEHFDXVHRI WKHLUXQLTXHRSWLFDO
HOHFWURQLFPDJQHWLFFDWDO\WLFDQGRWKHUSK\VLFDOSURSHUWLHVDULVLQJIURP
WKHFKHPLFDOFRPSRVLWLRQRIWKHPDWHULDODQGWKHQDQRPHWHUGLPHQVLRQV
7KH V\QHUJLVWLF HIIHFW DFKLHYHG E\ WKH RUJDQL]DWLRQ DQG WKH




V\VWHPVDQGKDVDQ LPSRUWDQW LPSDFWRQ WKHDSSOLFDWLRQRI WKHVHK\EULG
PDWHULDOVLQDUHDVUDQJLQJIURPVHQVLQJWRELRWHFKQRORJ\DQGFDWDO\VLV




ILHOG RI VHQVLQJ WHFKQRORJ\ GXH WR LWV VLPSOLFLW\ WKH FRQYHQLHQFH RI
WUDQVGXFLQJWKHRSWLFDOVLJQDOWKHDYDLODELOLW\RIRUJDQLFG\HVZLWKGLYHUVH
VSHFWUDOSURSHUWLHVDQGWKHUDSLGDGYDQFHVPDGHLQRSWLFDOLPDJLQJ7KH




SURFHGXUHV WR DWWDFK RUJDQLF PROHFXOHV RQ WKH VXUIDFH RI ERHKPLWH
QDQRSDUWLFOHVLQDZHOOGHILQHGFRQWUROODEOHDQGUHOLDEOHPDQQHULQRUGHU
WR GHYHORS QDQRVWUXFWXUHG GHYLFHV VXLWDEOH IRU WKHLU DSSOLFDWLRQ LQ WKH
HQYLURQPHQWDODQGELRPHGLFDOILHOGV
,QWKHIROORZLQJSDJHVWKHPDLQFRQFOXVLRQVZLOOEHRXWOLQHG
&21&/86,21  )LUVW RI DOO WZR NLQGV RI QDQRSDUWLFOHV ZHUH
REWDLQHGE\DVROJHOV\QWKHWLFSURFHGXUH7KHFRQWUROOHGK\GURO\VLVRIDQ
DOXPLQLXP DOFR[LGH LQZDWHU JDYH DV D UHVXOW WKH JDPPDSRO\PRUSKRI
DOXPLQLXPR[RK\GUR[LGH7DNLQJ LQWR DFFRXQW GLIIHUHQW SDUDPHWHUV OLNH
WKH WHPSHUDWXUH RI WKH UHDFWLRQ WKH DOXPLQLXPZDWHU UDWLR DQG WKH DFLG








VKDSH DQG WKH\ FDQ EH GLVSHUVHG LQ SXUH ZDWHU DQG FDUU\ RXW WKH









EHKDYLRXU RI WKH K\EULG QDQRSDUWLFOHV ,Q ERWK FDVHV D GHFUHDVH LQ WKH
IOXRUHVFHQFH HPLVVLRQ ZDV REVHUYHG DV WKH S+ ZDV LQFUHDVHG 7KH
PHFKDQLVPRIWKHTXHQFKLQJZDVDSKRWRLQGXFHGHOHFWURQWUDQVIHUIURPWKH











Summary and conclusions. 

ZKLFK LV WKH PD[LPXP SHUPLWWHG +J,, DPRXQW LQ GULQNLQJ ZDWHU
IROORZLQJWKH86$(QYLURQPHQWDO3URWHFWLRQ$JHQF\(3$FULWHULRQ
)LQDOO\ WKHJHOLILFDWLRQ WKDWRFFXUVZKHQ WKHS+ LVEURXJKW WR
SHUPLWV WKH UHFRYHU\ RI WKH QDQRSDUWLFOHV E\ D VLPSOH FHQWULIXJDWLRQ
SURFHGXUHZKLFKSHUPLWVWKHXVHRIWKHK\EULGFKHPRVHQVRUVHYHUDOWLPHV
&21&/86,21  %RHKPLWH QDQRSDUWLFOHV ZHUH PRGLILHG ZLWK
'73$ DQG'2$PRLHWLHV DQG (X,,, 7E,,, DQG*G,,, FRPSOH[HV
ZHUHIRUPHGIRUERWKRIWKHP7KHK\EULGV\VWHPVZHUHDEOHWRFRPSOH[
ODQWKDQLGH LRQV LQ DTXHRXV VROXWLRQ PDLQWDLQLQJ WKH WKHUPRG\QDPLF
VWDELOLW\H[KLELWHGE\WKHLVRODWHGRUJDQLFFRPSOH[HVE\WKHPVHOYHV
7KHELJTXDQWLW\RIODQWKDQLGHFDWLRQVORFDWHGDWWKHVXUIDFHRIWKH
QDQRSDUWLFOHV LV D JRRG H[DPSOH RI PXOWLYDOHQF\ DV WKH *G,,, K\EULG
QDQRSDUWLFOHVSURYLGHDPDJQLILFDWLRQRIWKHVLJQDOIRU05,ZKLFKFRXOG
EHXVHIXOWRLPDJHVPDOOVWUXFWXUHVVXFKDVFHOOV105'SURILOHVVKRZHG
WKH W\SLFDO KXPS DW KLJKILHOGV RI VORZO\ URWDWLQJ V\VWHPV ZKLOH 2




:H KDYH DOVR HYDOXDWHG WKH RSWLFDO SURSHUWLHV RI WKH (X,,, DQG
7E,,, FRPSOH[HV LQ KXPDQ +H/D FHOOV &RQIRFDO ODVHU VFDQQLQJ
PLFURVFRS\VKRZHGWKDWWKHQDQRSDUWLFOHVZHUHWDNHQXSDQGORFDOL]HGDOO





&21&/86,21  %RHKPLWH DQG ERHKPLWHVLOLFD QDQRSDUWLFOHV
ZHUH PRGLILHG ZLWK RUJDQLF PROHFXOHV FRQWDLQLQJ HLWKHU D VTXDUDPLGH






FRQMXJDWLRQ DEOH WR EH UHFRJQL]HG E\ WKH VTXDUDPLGH UHFHSWRU$OO WKH
VWXGLHVZHUHGRQHLQDFHWLFEXIIHUVROXWLRQPDLQWDLQLQJWKHS+DW
)URP WKH UHVXOWVREWDLQHGZHKDYHSURYHG WKDW WKHDWWDFKPHQWRI
WKHVHPROHFXODU FRPSRQHQWV WR WKH QDQRSDUWLFOHV OHDGV WR V\VWHPVZLWK
UHSURGXFLEOH UHVSRQVHV DQG ORQJ GXUDELOLW\ IRU VHOHFWLYHO\ ELQGLQJ RI
VXOSKDWH DQLRQV LQ SXUH ZDWHU ZKLFK LV D FKDOOHQJLQJ JRDO LQ
VXSUDPROHFXODUDQDO\WLFDOFKHPLVWU\7KHHIIHFWLYHUHFRJQLWLRQRIVXOSKDWH
RYHUSKRVSKDWHDQGPRQRYDOHQWKDOLGHDQLRQVLQSXUHZDWHULVEDVHGRQWKH
S+ FKRRVHG WR FDUU\ RXW WKH H[SHULPHQWV VLQFH DW DFLGLF S+ YDOXHV








HOHPHQWV LQGLYLGXDOO\ WKH TXDWHUQLVHG DPPRQLXP JURXS DQG WKH
Summary and conclusions. 

VTXDUDPLGHIXQFWLRQQRUDFRPELQDWLRQRIWKHPOHDGLQWKHDEVHQFHRIWKH
QDQRSDUWLFOHV WR DQ\ VLJQLILFDQW LQWHUDFWLRQ ZLWK WKHVH DQLRQV LQ SXUH
ZDWHU7KHVDPHVLWXDWLRQRFFXUVZLWKWKHQDQRSDUWLFOHVWKDWZHUHPRGLILHG
ZLWKDVLQJOHDPPRQLXPJURXS:KHUHDVWKHVXOSKDWHUHFRJQLWLRQE\RQO\
RQH DPPRQLXP JURXS LV FRPSOHWHO\ LPSRVVLEOH LQ ZDWHU WKH DPLQR
PRGLILHGQDQRSDUWLFOHVZHUHDEOH WRGHWHFWVXOSKDWHDQGRWKHUDQLRQV LQ
ZDWHUDWS+
7KHUHIRUH WKH SDUWLFOHV DUH QRW LQQRFHQW REVHUYHUV LQ WKH K\EULG
V\VWHPV EXW WKH\ SOD\ D UROH LQ RUJDQL]LQJ DQG SUHFRQFHQWUDWLQJ WKH
UHFHSWRUPROHFXOHVIDYRXULQJOLNHO\WKHGHVROYDWLRQRIWKHSDUWQHUVSHFLHV
&21&/86,21%RHKPLWHQDQRSDUWLFOHVZHUHPRGLILHGLQRUGHU
WR REWDLQ D VHULHV RI QHZ FKHPRVHQVRUV FRQWDLQLQJ OLQHDO RU WULSRGDO
SRO\DPLQHVDVDUHFHSWRUXQLWDQGS\UHQHDVWKHVLJQDOOLQJXQLW








$IWHU WKDW WKH K\EULG V\VWHPVZHUH HPSOR\HG LQ WKH GHWHFWLRQ RI
LRGLGH LQ DTXHRXV VROXWLRQ )URP TXDQWXP \LHOG OLIHWLPH DQG 6WHUQ
9ROPHU PHDVXUHPHQWV LW FDQ EH FRQFOXGHG WKDW VHOHFWLYH IOXRUHVFHQFH





LRGLGH UHFRJQLWLRQ ,Q WKLV VHQVH WKH K\EULG V\VWHP FRQWDLQLQJ WULSRGDO
SRO\DPLQHZDVWKHPRVWHIILFLHQWFKHPRVHQVRU
,QDGGLWLRQQHLWKHUVROXWLRQVRIWKHIUHHPROHFXOHVQRUVROXWLRQVRI
WKH VXSSRUWHG PDWHULDOV VKRZ H[FLPHU HPLVVLRQ EHLQJ WKH VLJQDO
PHFKDQLVP WKH PRQRPHU HPLVVLRQ :H KDYH REVHUYHG MXVW WKDW WKH
GHWHFWLRQOLPLWLVORZHULQWKHVXSSRUWHGPDWHULDO
$OWKRXJK LW ZDV QRW SRVVLEOH WR REVHUYH DQ HQKDQFHPHQW LQ WKH
UHVSRQVHRI WKH VXSSRUWHGPDWHULDOVFRPSDUHGZLWK WKH IUHH OLJDQGV WKH
SRVVLELOLW\WRUHFRYHUWKHIXQFWLRQDOL]HGQDQRSDUWLFOHVE\FHQWULIXJDWLRQRU
WKH SRVVLELOLW\ WR ILOO D FROXPQZLWK WKH QDQRSDUWLFOHV WR UHPRYH LRGLGH




RI DSSOLFDWLRQV HQFRPSDVVLQJ IURP LRQ UHFRJQLWLRQ LQZDWHU WR FRQWUDVW
DJHQWV7KHFRPELQDWLRQRILQHUWQHVVKLJKVWDELOLW\DQGORZWR[LFLW\HDV\
V\QWKHVLV YHU\ ODUJH VXUIDFH DUHD ZHOO HVWDEOLVKHG VXUIDFH
IXQFWLRQDOL]DWLRQJHQHUDOO\WKURXJKVLODQHOLQNDJHVDQGWXQDEOHVWDELOLW\
JRLQJIURPDVROWRDJHOGHSHQGLQJRQWKHS+RIWKHDTXHRXVVROXWLRQ
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